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ABSTRACT 
Pulse electric field (PEF) is a method of creating transient pores in the cell 
membrane by exposing it to a high voltage electric field of short duration. Beside 
having the effect of opening pores in the membrane, PEF can change the cytoskeletal 
restructuring of the cell, which has an impact on the cell morphological properties 
and signalling pathways. There was evidence that extracellular matrix (ECM) protein 
and transforming growth factor beta (TGF-β) can influence cellular behaviours. 
Similarly, PEF was also found to modulate the cellular behaviours. However, a 
combined influence of PEF and ECM on cellular behaviour which could further 
enhances the cellular processes for wound healing and tissue engineering application 
has not yet been investigated. Therefore, the aim of this study is to examine the effect 
of PEF in combination with ECM or TGF-βs on cellular behaviour such as 
attachment proliferation, adhesion, migration and alignment of HT29 cell line 
monolayer in vitro. Cell-surface adhesion was studied via trypsinization assay in 
which the time taken for cells to detach from the monolayer would give the means of 
assessing the strength of adhesion. Cell migration was studied by creating a wound 
model on a confluence monolayer of the cell in vitro. Cell alignment was 
investigated via micro contact printing techniques. The PEF was found to increase 
the attachment, proliferation and migration rate of the HT29 cell by 67.6, 27.1 and 
108% respectively and decrease the adhesion strength of the cells by 29.2%. The 
results also show that 600V/cm and 5ms electric parameter could potentially reduce 
the unpleasant sensation associated with the standard electric field parameter 
currently in used in electrochemotherapy. The results of the cell alignment to the 
ECM proteins pattern have shown that PEF has improved the HT29 cell alignment 
by more than 40%. Similarly, the PEF was found to increase the proliferation and 
decrease the adhesion rate of cells in a TGF-β3 supplement by 50.2 and 24.1% 
respectively. Thus, the outcomes of this research revealed that the use of PEF in the 
presence of ECM protein have potential implication in wound healing application (by 
increasing the rate of cell migration and decreasing cell adhesion).
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ABSTRAK 
Medan Elektrik Denyut (PEF) adalah satu kaedah untuk menghasilkan liang 
sementara dalam sel membran dengan cara mendedahkan sel-sel tersebut kepada 
medan elektrik bervoltan tinggi dalam jangka masa yang pendek. Selain daripada 
memberi kesan pembukaan liang membran, PEF boleh mengubah penstrukturan 
semula sitoskeleton sel, di mana ianya akan memberi kesan terhadap sifat morfologi 
dan laluan isyarat bagi sel tersebut. Terdapat bukti bahawa matriks extra-selular 
(ECM) protein dan faktor perubahan pertumbuhan beta (TGF-β) boleh 
mempengaruhi sifat sel. Tambahan pula, PEF juga didapati dapat memodulasi sifat 
sel itu sendiri. Walau bagaimanapun, kesan gabungan PEF dan ECM pada sifat sel 
yang dapat meningkatkan lagi proses-proses sel bagi tujuan aplikasi dalam 
kejuruteraan tisu masih belum dikaji secara mendalam. Justeru, tujuan kajian ini 
adalah untuk menyelidik kesan penggabungan teknik PEF dan ECM atau TGF-βs 
pada sifat sel seperti proses percambahan, pelekatan sel, penghijrahan dan penjajaran 
baris sel HT29 lapisan-mono dalam kaedah in vitro. Proses pelekatan sel pada 
permukaan ini dikaji melalui proses tripsinasi di mana tempoh masa yang diambil 
kira untuk melihat sel-sel melakukan proses penanggalan daripada lapisan-mono 
akan memberikan jawapan terhadap proses dalam mengkaji kekuatan pelekatan sel. 
Proses penghijrahan sel telah dikaji dengan menghasilkan satu model luka pada sel 
mono-lapisan dalam kaedah in-vitro. Proses penjajaran sel telah dikaji melalui teknik 
percetakan mikro kontak. Hasilnya, PEF didapati dapat meningkatkan kadar 
pelekatan, percambahan dan penghijrahan sel HT29 dengan kadar 67.6, 27.1 dan 
108% dan telah mengurangkan kekuatan pelekatan sel sebanyak 29.2%. Hasil kajian 
ini juga mendapati bahawa 600V/cm dan 5ms parameter elektrik boleh digunakan 
untuk mengurangkan atau menghapuskan perkara yang tidak diingini berkaitan 
dengan parameter standard elektrik yang sedang digunakan dalam rawatan 
elektrokemoterapi. Keputusan teknik penjajaran sel dalam bentuk protein ECM telah 
menunjukkan bahawa PEF telah meningkatkan hasil penjajaran sel HT29 sebanyak 
lebih daripada 40%. Begitu juga, PEF didapati dapat meningkatkan percambahan dan 
mengurangkan kadar pelekatan sel dalam suplemen TGF-β3 50.2 dan 24.1%. Oleh 
itu, hasil kajian ini berpotensi memberikan impak dalam penyembuhan luka dan 
dalam aplikasi kejuruteraan tisu apabila dikaji dengan lebih mendalam pada masa 
akan datang. 
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1CHAPTER 1 
 
INTRODUCTION 
1.1 Background information 
All living organisms are made up of cells. These cells, billions of which form our 
tissues and organs have what is called cell membrane (Rodamporn, 2010; 
Rodamporn et al., 2011). The cell membrane safeguards and surrounds the cell from 
outside environment. The cell membrane is semipermeable, that is, it permits some 
molecules and ions to pass through it and prevents others from entering the cell 
(Kotnik et al., 2012; Kotnik, Pucihar & Miklavcic, 2010). For a biologist, a cell is the 
building brick of life, containing a number of various organelles. Each organelle 
accomplishes a unique task and together they allow the cell to perform its function 
(Pucihar, Kotnik, & Miklavcic, 2009). On the other hand, from an electrical 
perspective, a cell is considered as a conductive cytoplasm enclosed by an insulating 
membrane and also surrounded by a conductive exterior or medium (Teissie et al., 
2008). 
The cell membrane is made up of a phospholipid bilayer with protein and 
ions embedded in it. Many of these ions in the cell membrane have a concentration 
gradient across the membrane (Rodamporn et al., 2011). For instance, potassium ion 
has a higher concentration in the intracellular region while sodium and chloride ions 
have a lower concentration in the intracellular region and vice versa in the 
extracellular region (Kotnik et al., 2010). These concentration gradients give rise to 
potential energy that resulted in the formation of membrane potential called resting 
membrane potential (Pucihar et al, 2008). The resting membrane potential value 
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ranges from -40 to -80mV, depending on cell type, size, and shape (Zupanic & 
Miklavcic, 2010; Pucihar et al., 2008). 
When a cell is placed in an external electric field, a local charge redistribution 
occurs on both side of the membrane (Pucihar et al., 2009) due to the attraction of 
unlike charges and repulsion of like charges (positively charged ions are attracted to 
cathode electrode while negatively charge ions are attracted to anode). This charge 
redistribution induces a voltage on the membrane which superimposes on the resting 
membrane potential (Zupanic, Kos & Miklavcic, 2012). If the induced voltage 
reaches a threshold value usually between 0.2 to 1.5V, there is a localized structural 
rearrangement of the cell membrane, thus, micro holes are created in the membrane 
(Golberg & Rubinsky, 2009). Consequently, ions and molecules that are otherwise 
impermeable to the cell membrane become permeable to it. This process is called 
electroporation (EP) or electropermeabilization (Miklavcic & Towhidi, 2010; 
Neumann, 1992). 
Depending on the electric field parameters (pulse strength, duration, number 
and repetition rate) exposing a living cell to an electric field may result in either 
permeabilization of the cell membrane, its destruction or has no effect (Kanduser, 
Sentjurc & Miklavcic, 2006). Therefore, the electric field parameters play a 
significant role in electroporation or Pulse Electric Field (PEF) method. If these 
parameters are within the threshold values (above the lower limit but below an upper 
limit), the consequence of the field application is the creation of transient pores 
which are used for introduction of molecules in or out of the cell (Weaver, 2000; 
Kanduser et al., 2006). In this case, the cell membrane can reseal few minutes after 
the withdrawal of electric field and this is termed as reversible electroporation 
(Zupanic, 2010) (refer to Figure 1.1). Meanwhile, if the parameters of the electric 
field are above an upper limit, the consequence of the field application is cell 
membrane destruction and this is termed, irreversible electroporation (Zupanic, 
2010), as shown in Figure 1.1. 
Ever since its discovery, electroporation has been a useful tool in many areas 
of medicine and biotechnology. At the moment, reversible electroporation is an 
established method for introducing chemotherapeutic drugs into tumour cells (Sersa 
et al., 2006; Kranjc et al., 2005; Snoj et al., 2005; Tozon et al., 2005). It also offers 
great promise as a technique for gene therapy without the risks caused by viral 
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vectors (Golzio, Rols and Teissie, 2004; Hojman, Gissel & Gehl, 2007). It is also 
commonly used in cell fusion (Orentas et al., 2001; Gaynor, Wells & Oback, 2005). 
In clinical medicine, irreversible electroporation is being investigated as a method for 
tissue ablation (Rubinsky, Onik & Mikus, 2007; Lee, Loh & Kee, 2007), whereas in 
biotechnology, it is useful for extraction of biomolecules and for microbial 
deactivation, particularly in food preservation (Rubinsky, 2007). Besides the effect of 
opening pores in the cell membrane, electroporation can change the cytoskeletal 
restructure that has an influence on the cell adhesion and migration (Titushkin & 
Cho, 2009). For example, redistribution of actin cytoskeletal has been shown in the 
cell electro-migration caused by direct current electric field (Weijer, 2009). 
  
 
Figure 1.1: Cell exposed to an external electric field. (A) No effect, because the field 
is too small to cause permeabilization. (B) Cell reseal after electroporation. (C) The 
membrane is damaged due to high field intensity irreversible electroporation 
(Zupanic et al., 2012) 
 
The interaction of living cell and biomaterials assumes a crucial role in tissue 
engineering and medical implant (Croll et al., 2006; Kladakis & Nerem, 2004; Liu et 
al., 2008; Nerem, 2006). A standout amongst the most well-known strategies 
proposed for tissue engineering includes; setting cells on a platform or scaffold, 
letting the cell to attach and proliferate in vitro, and subsequently embedding the cell 
construct into the patient (Martins, Reis, & Neves, 2008; Sefat, 2013). Therefore, it is 
A 
B 
C 
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important to control the spreading and proliferation rate of the cells on the scaffold 
so as to optimise the cell culture environment, scaffold properties, and implant 
timing. The development of tissue on a scaffold comprises of four essential stages. 
These include cell attachment, cell proliferation, cell migration and cell 
differentiation on the scaffold (Khagani, 2012; Bradshaw et al., 2014). Similarly, 
wound healing is normally characterized by three processes; cell proliferation, cell 
migration and cell differentiation (Suzuki et al., 2003). The main cause of poor 
wound healing process is the deficiency in cell migration at the site of the injury 
(Fujii, Shearer & Azuma, 2015). Cell migration is also a significant course in the 
wound healing process besides the growth of an organism (Mackay, 2008; Xiao et 
al., 2011). Therefore, pulse electric field (Electroporation) could be used to facilitate 
the cell attachment, proliferation, adhesion and migration process which could 
further accelerate these cellular processes in tissue development. 
Growth factors and extracellular matrix (ECM) protein such as laminin and 
fibronectin were found to increase the speed of re-epithelialization, therefore it plays 
a vital role in wound healing process and tissue regeneration (Metcalfe & Ferguson, 
2007; Fujii et al., 2015). Laminin was found to enhance the keratinocytes cells 
migration (Choma et al., 2007; Seifert et al., 2012) while fibronectin was found to 
increase the adhesion and migration of epithelial cells (Kimura et al., 2006). 
Transforming growth factors beta (TGF-βs) are involved in signal transduction 
between the cell nucleus and extracellular environment (Raftery & Sutherland, 
1999). TGF-βs are specialized molecules that are required in the regulation of cell 
adhesion, migration, proliferation, and apoptosis (Khaghani, 2012). Like many other 
growth factors, TGF-βs were thought to be stimulators of cellular proliferation 
(Morikawa, Derynck & Miyazono, 2016; Roberts et al., 1985). However, after 
several studies, TGF-βs were accepted to be bi-functional regulators that can either 
stimulate or inhibit the proliferation of many cell lines, depending on the 
circumstance and the environment (Morikawa et al., 2016).  
Commonly, there are two types of electric waveforms used in electroporating 
cell membrane; exponential and square waveform (Puc et al., 2004; Markar, 2012). 
For an exponential waveform, a voltage chosen to be applied to the membrane will 
decay exponentially to zero with time, depending on the capacitance and resistance 
of the sample (Markar, 2012). When an exponential wave is used with high ionic 
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electroporation buffers such as serum and phosphate buffer saline (PBS), a high-
value capacitance is required in order to electroporate mammalian cells (Morss, 
2012; Markar, 2012). For a square waveform, a voltage chosen to be applied to the 
cell membrane remains constant for a specified period of time before returning to 
zero. The time duration of the voltage applied is called pulse length of the applied 
voltage (Markar, 2012). A square waveform is recommended for mammalian cells 
because it is softer and allows multiples pulses to be applied at a different repetition 
rate and it can be easily manipulated (Jordan et al., 2008). 
1.2 Problem statement 
The inducement process of pulse electric field for cells is still not totally 
comprehended (Valic et al., 2003; Chengxiang, Caixin & Chenguo, 2011). Different 
applications of pulse electric field require distinct electric field parameters for 
different cells type (Pucihar et al., 2011). Thus, scrutinizing the electric field 
parameters for different applications and for a different type of cell is extremely 
critical, thus, comprehensive experimental information is needed (Chengxiang et al., 
2011). In addition, there is proof that pulse electric field can extensively give a 
significant impact on the spreading and adhesion properties of numerous cells (Wang 
et al., 2003; Pehlivanova, Tsoneva & Tzoneva, 2012). 
The use of electroporation (PEF) together with the Chemotherapeutic drug 
(Electrochemotherapy) for cancer treatment has reached clinical trial (Sersa et al., 
2000). However, patients undergoing electrochemotherapy in the clinical trial are 
complaining of unpleasant sensation due to muscular contraction during the pulse 
delivery (which is usually 1000V/cm for 100µs, 8 pulses at a repetition rate of 1Hz) 
(Mir & Orlowski, 1999; Lebar et al., 2002). This sensation is believed to be due to 
high amplitude of the pulse or due to the low repetition rate of the pulse. Therefore, 
there is a need to investigate for lower pulse amplitude that will result in the same 
efficiency of permeabilization and viability with the standard pulse parameter in 
order to potentially reduce the unpleasant sensation associated with the standard 
electric parameter used in electrochemotherapy. 
Electric field was found to stimulate the secretion of growth factors and 
interact with ECM element to enhance cellular behaviour during wound healing 
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process (Mccaig et al., 2005). Cell assembly and alignment to guidance cues were 
found to play a key role in wound healing application (Jamil et al., 2007). Numerous 
researchers have examined cell alignment to the guidance cues via microcontact 
printing patterns of various ECM proteins (Jamil et al., 2007; Khaghani, 2012; Sefat, 
2013). However, cell alignment to guidance cues in the presence of pulse electric 
field has not been investigated. Therefore, there is a need to look at the effect of 
pulse electric field which could further enhance cell alignment to the protein pattern 
surface for tissue engineering application. 
1.3 Aim and objectives of the research 
The overall aim of this study was optimization of low amplitude microsecond PEF 
on the cellular behaviour of epithelium cell line for potential wound healing 
application. In addition, the effect of the PEF in the presence of extracellular matrix 
(ECM) proteins (laminin, fibronectin and collagen) on cell assembling to guidance 
cues and the cell behaviours in the presence of TGF-β3 would also be studied. The 
following are the objectives of the research: 
1. To optimise the best PEF parameter for the growth of HT29 cells line. 
2. To examine HT29 cell line responses such as attachment, proliferation, adhesion 
and migration under the influence of the optimum PEF parameter. 
3. To establish a low field strength electric field that can give similar 
electroporation efficiency with the standard electric field parameter used in 
electrochemotherapy (SEFPECT). 
4. To explore the effect of pulse electric field on the alignment of HT29 cells line 
on ECM proteins pattern via microcontact printing technique. 
5. To demonstrate HT29 cell line behaviour such as proliferation and adhesion 
under the combined influence of optimum PEF and TGF-β3. 
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1.4 Scopes of the study 
In order to achieve the objectives of this research, the following scopes of work were 
identified and followed. 
1. HT29 cell lines were acquired and cultured in a physiological environment 
similar to that of the host tissue (mammalian colon). The cells were maintained at 
temperature of 37
o
C and humidified environment at 5% CO2 in order to maintain 
the pH of the medium similar to pH of the human blood plasma. 
2. Investigation of the best PEF parameter for the growth of HT29 cell line in vitro. 
3. Real-time visualisation of the cellular morphological changes during cell 
attachment, migration and adhesion under the influence of PEF. 
4. Exploration of a lower field strength that would potentially reduce the unpleasant 
sensation resulting from the used of  8 pulses at 1000V/cm, 100µs and 1Hz that is 
currently in use as SEFPECT. 
5. Cell guidance of HT29 cell line on ECM protein pattern surface under the 
influence of PEF in vitro via microcontact printing technique. 
6. Observation and examination of cellular behaviour in the presence of TGF-β3 
and PEF. 
1.5 Thesis structure 
This thesis is structured into nine chapters as follows; 
Chapter 1: In this chapter, a brief and general background on the research is 
provided. Additionally, the research problem formulation, aim, objectives and scope 
is also described in this chapter. 
Chapter 2: This chapter gives a background and literature review on the state of the 
art of pulse electric field (PEF) or electroporation. In addition, a brief description of a 
cell and its electrical characteristic is given in this chapter. 
Chapter 3: This chapter provides a list of general materials and equipment used in 
carrying out the research. A detail description of the general methods used in 
achieving the research goal is given in this chapter. 
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Chapter 4: In this chapter, the optimal electric field parameter for the growth of 
HT29 cell line is investigated. This optimal parameter is used in the subsequent 
chapters to study the influence of PEF on cellular behaviours. 
Chapter 5: In this chapter, the influence of PEF on the cellular behaviours such as 
attachment, proliferation, spreading, adhesion and migration were studied. The cell 
attachment and migration were observed under time-lapse video microscopy. 
Chapter 6: This chapter investigates a lower pulse strength that gives similar 
efficiency in terms of viability and permeability with standard electric field 
parameter used in electrochemotherapy. This will eliminate or reduce the unpleasant 
sensation experienced by patients during clinical electrochemotherapy.  
Chapter 7: In this chapter, PEF effect on the HT29 cell assembly and guidance on 
the ECM protein micro-patterned surface, via microcontact printing technique were 
investigated. 
Chapter 8: In this chapter, the combined influence of PEF and TGF-β3 on HT29 cell 
line proliferation, spreading, and adhesion was investigated. 
Chapter 9: Finally, this chapter summarizes the conclusion of the results obtained in 
the study and gives some recommendations for future work. 
1.6 Contributions of the study 
In this research, the influence of PEF on HT29 cells line behaviour such as 
proliferation adhesion and migration, in the presence of ECM and transforming 
factor have been investigated. The following findings were revealed during the 
research 
1. The optimum or best parameter for the growth of HT29 cell line at lower field 
strength has been identified to be at single pulse of 600V/cm with 500µs 
duration. 
2. The research has revealed that PEF at the optimum value (at low field strength) 
has great influence on the cell attachment, proliferation, migration and adhesion 
which are the basic characteristics of wound healing and tissue regeneration. The 
PEF was found to increase the rate of cell attachment, proliferation, and 
migration and at the same time reducing the rate of cellular adhesion. This has 
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great implication in facilitating wound healing process and tissue regeneration 
when further investigated. 
3. Additionally, the research has also found that an alternative field parameter of 
600V/cm at 5ms could potentially reduce the unpleasant sensation associated 
with standard parameter currently used in electrochemotherapy. This parameter 
when further investigated could offer a new prospective in ECT in both pre-
clinical and clinical trials. 
4. Furthermore, the research demonstrated that the use of PEF in cell assembling 
and guidance to protein pattern via microcontact printing technique has further 
facilitated and enhanced the cellular alignment and elongation to guidance cue. 
This outcome potentially has great implication in directed cell migration for 
wound healing and tissue regeneration application. 
5. Finally, the research has also demonstrated that combination of PEF and 
cytokines (TFG-β3) could be used in facilitating wound healing process and 
tissue regeneration by reducing the cell adhesion strength and increasing the cell 
proliferation rate. 
In the next chapter, the review on current state of art on electroporation and 
its application on living cell for wound healing and tissue engineering is discussed. 
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2 CHAPTER 2 
LITERATURE REVIEW 
2.1 The cell 
Cells are first discovered by Robert Hooke in 1665 from a slice of cork. Cells that are 
often called building blocks of life are the smallest functional and structural unit of 
all living things (Rodamporn, 2010). Cells emanate from the pre-existing cell 
through cell division. They have the ability to carry out all the activities of life. The 
cells are categorized into two groups, namely; prokaryotic and eukaryotic cell. 
Prokaryotic cells are smaller in size. They have a typical size between one to ten 
micrometres and they have no nucleus (Maskarinec, Wu & Lee, 2006). An example 
of a prokaryotic cell is bacteria cells. Figure 2.1 is a diagram of a prokaryotic cell. 
On the other hand, eukaryotic cells are bigger in size and have a size between ten to 
hundred micrometres. They have a cell nucleus where they store genetic components 
like DNA and RNA. Their cell mass is around 1nanogram. The examples of 
eukaryotic cells are animal, plant, fungi and Protista (Maskarinec et al., 2006).  How 
a typical eukaryotic (animal cell) cell looks like is shown in Figure 2.2. 
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Figure 2.1: A typical diagram of a prokaryotic cell 
(http://academic.venturacollege.edu/sflagan/protected/Ch4_structures,pdf, 2016) 
 
 
 
Figure 2.2: A typical diagram of a eukaryotic cell (Animal cell) 
(http://academic.venturacollege.edu/sflagan/protected/Ch4_structures,pdf, 2016) 
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2.1.1 HT29 cell line 
The Colon cell line (HT29) emanates from a 44-year-old woman of the Caucasian 
race and was removed from a large intestine adenocarcinoma tissue (Forgue-Lafitte 
et al., 1989). The HT29 cell morphology is a typical of epithelial cell when cultured 
in vitro. In order to develop an in vitro model to study the effect of electroporation on 
cell proliferation and cell migration, the HT29 cell line was used.  
HT29 cells were chosen because they have the capacity to be differentiated in 
vitro in response to changes in their extracellular environment. These cell lines are 
also used in the cytotoxicity assessment of the new biomaterials, as they are capable 
of preserving their phenotypic features for a long period time in a culture 
environment, hence these tests can be further reproducible (Luna et al., 2011). The 
HT29 cells have retained certain characteristics of the normal tissue, such as 
hormone receptors (Forgue-Lafitte et al., 1989). Table 2.1 gives the details 
characteristics of the HT29 cell line. 
Table 2.1: HT29 properties 
Elements Specifications 
Organism Human 
Tissue Colon 
Culture properties Adherent 
Morphology Epithelial 
Gender Female 
Ethnicity Caucasian 
Age 44 years 
 
2.1.2 The cell membrane 
The cell membrane or plasma membrane is a living membrane that separates the 
inside of the cell from the outside surroundings (Zaharoff et al., 2008). The cell 
membrane is semipermeable to certain ions and organic molecules and is capable of 
regulating what enters and leaves the cell. It also facilitates the transport of materials 
that are necessary for survival. The membrane also maintains the cell electric 
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potential (Hille, 2001). Therefore, the cell membrane acts as a selective filter, which 
allows only some molecules to come out of the cell. Figure 2.3 shows a typical 
diagram of a cell membrane. 
Virtually all animal cells are bounded by a cell membrane which is composed 
of a lipid bilayer with protein surrounds. The cell membrane also encloses the 
cytoplasm and has a typical thickness of 10nm (Maskarinec et al., 2006). Proteins 
constitute 30% of the cell membrane (Maskarinec et al., 2006). The lipid bilayer of 
the membrane is very delicate, and many forms of trauma can interrupt its function 
as the controller of molecules moving in and out of the membrane. The cell 
membrane also acts as a communication path between the cell and its extracellular 
environment via gap junction (Kelvin et al., 2000). 
 
 
Figure 2.3: A diagram of a cell membrane 
(http://www.vance-miller.net/2016/08/download-free-cell-membrane-coloring-sheet) 
2.1.3 Membrane voltage 
The variation in voltage between the internal and external surrounding of a living cell 
is called the membrane potential or voltage. The typical value of the membrane 
voltage range is from -40 to -80mV with respect to the exterior of the membrane 
(Kotnik et al., 2012). The membrane potential acts as a battery for supplying power 
to the various molecular devices in the membrane and also in transmitting a signal 
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between different part of excitable cells such as neuron and muscles cells (Wang et 
al., 2010b).  
Application of high intensity but a short electric field to a cell membrane 
increases the membrane potential. If the membrane potential value reaches a critical 
threshold value of 200mV to 1.5V, aqueous transient pores are formed in the cell 
membrane which can allow molecules that otherwise impermeable to the membrane 
to cross it (Neumann, 1992;  Miklavcic, 2012). If field strength is not greater than the 
critical value (within the lower limit and upper limit for a particular cell), the 
membrane pores can reseal after some minutes. However, if the field strength is 
above the critical value of a particular cell, it leads to cell death or necrosis (Teissié 
et al., 2008; Edd & Davalos, 2007). The steady state induced membrane potential by 
an external electric field for a spherical cell is given by the Schwan equation as: 
 
                                                     (2.1) 
 
Where E is the applied external electric field, R is the cell radius,   is the angle 
between the directions of the electric field and targeted point on the cell surface 
(Zupanic et al., 2012). 
2.1.4 Cell cycle 
Cells proliferation is necessary and important in all living organism for replacement 
of the dead cells and for tissue development (Hall, 2015). The cell proliferation is 
achieved within the context of cell division or cell cycle as shown in Figure 2.4 
(Schmelzle & Hall, 2000). For a eukaryotic cell, the cell cycles comprise four 
distinct stages, namely; Mitotic phase or M phase, the synthesis or S phase, the gap 1 
or G1 phase and the gap2 or G2 phase (Cooper & Hausman, 2000). The M phase is a 
part of the cell cycle whereby cell undergoes through mitosis and divides (Morgan, 
2007; Cooper & Hausman, 2000). Following M phase, the cell enters into the G1 
phase, which is a phase between mitosis and DNA duplication. At G1 phase, cells 
carry out the normal metabolic activity and continuous to grow but without DNA 
duplication (Brauer et al., 2008, Cooper & Hausman, 2000). From G1 the cell enters 
into S phase, whereby the duplication of DNA comes off. Following the duplication 
of DNA in S phase, the cell enters into the G2 phase. At G2 phase, the cell continues 
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to grow and synthesize protein in preparation for a new mitosis of another cycle 
(Morgan, 2007; Medema et al., 2000; Cooper & Hausman, 2000). At the G1 phase, 
the cell checks for any abnormality, like whether there is DNA damage and if there 
is, it checks whether it has been corrected. If the abnormality has not been corrected, 
the cell cycle is a halt at this phase (Tyson et al., 2002; Morris & Mathews, 1989). 
 
 
Figure 2.4: Cell cycle diagram 
(Cooper & Hausman, 2000) 
 
A human cell in culture, which represents typical eukaryotic cell, divides in 
every 24 hours (Cooper & Hausman, 2000). For a rapidly proliferating human cell, 
the G1, S, G2 and M phases might last for 11, 8, 4 and 1 hours respectively (Cooper 
& Hausman, 2000). The evolution of cells via the division cycle is controlled by 
many external signals. This includes extracellular and intracellular signals that 
organize and monitor the processes that take place during the phase of the cell cycles 
(Gerhart, Wu & Kirschner, 1984; Hall, 2015). 
2.1.5 Cell adhesion 
The binding of cells together or to their environmental extracellular components is 
called cell adhesion. Cell adhesion involves protein molecules that extended across 
the cell membrane domain in both the intracellular and extracellular space (Hynes, 
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2002; Alberts et al., 2002b). The cell adhesion protein in the extracellular region can 
either bind to the adhesion protein of adjacent cell (cell to cell adhesion) or bind to 
the extracellular matrix (ECM) protein (cell to ECM adhesion), (Sunami et al., 
2006). The adhesion molecule usually binds to a molecule called its ligand. For 
instance, Cadherin and integrin are a ligand of adhesion protein between cell-to-cell 
and cell-to-ECM respectively (Farahani et al, 2014). 
2.2 Extracellular matrix (ECM) protein 
In addition to producing their own organelles, cells also produce the protein of the 
surrounding ECM (Hay, 2013; Alberts et al., 2002b). ECM is an interactive platform 
that regulates many cellular functions and also offers the cell anchorage and 
mechanical stability. Cells synthesise fibrous protein to produce their ECM proteins. 
The ECM perform three major functions namely: (a) provision of surface or substrate 
for cell adhesion and migration (b) it offers the strength and structural support for the 
cell and (c) it regulates and controls the cell metabolic function and cell 
differentiation (Ratner et al., 2004; Martini et al., 2001; Curtis & Riehle, 2001). The 
ECM has several components such as laminin, fibronectin and collagen (Ratner et 
al., 2004). 
2.3 Cell signalling 
Cell signalling is significant in ensuring cellular proliferation, migration, and 
differentiation (Kholodenko, 2006). ECM is molecule which is responsible for 
transmitting signal in and out the cells (Enderle, Blanchard & Bronzino, 2005). 
These signallings are categorized into two, the direct and soluble signals (Enderle et 
al., 2005). Direct signals are transmitted through an ion channels or receptors. The 
channels enable the diffusion ions in and out of the membrane for communication 
purposes (Martini et al., 2001). The soluble signal generation and transmission are 
further divided into autocrine, paracrine and endocrine. In autocrine, the signal is 
generated and acted upon by the same cell (Hay, 2013; Juliano & Haskill, 1993). In 
paracrine, the signal is generated by a cell and acted upon by neighbouring cells. 
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Whereas, in endocrine, the signal is generated by cells and acted upon by a distance 
cells (Alberts et al., 2002a). 
2.4 Cell model 
The general most acceptable model describing cell membrane is considering the 
membrane as spherical capacitor or spherical shell insulator (dielectric material) that 
separate the cell cytoplasm (cell interior) from the surrounding medium (cell 
exterior) (Escoffre et al., 2009; Zimmermann & Neil, 1996; Henslee et al., 2011; 
Weaver & Chizmadzhev 1996). The cell cytoplasm and exterior are considered to be 
good conductors of electricity. The membrane has a typical thickness of 6 nm 
(Coster, 2009). 
When an external field is applied to the cell membrane, a transmembrane 
voltage is induced in the cell; most of the voltage is dropped on the cell membrane. 
When the induced voltage reaches a threshold value of 200mV to 1.5V 
(Zimmermann & Neil, 1996; Henslee et al., 2011), an electric field in the order 10
8 
V/cm (membrane voltage/membrane thickness = 1.5V/6nm) is created across the cell 
membrane. At this value of electric field strength, many dielectric materials will 
experience a breakdown (Coster, 2009). Hence, a re-structural rearrangement of the 
lipids bilayer occurs in the membrane as a result of charge redistribution, which leads 
to increase in the membrane permeability and conductivity (Golberg & Rubinsky, 
2010a). 
The transmembrane voltage can be computed using the Laplace equation 
under the quasi-static approximation with the assumption that both the membrane 
interior and exterior are good conductors. The induced transient transmembrane 
voltage Vm is given by equation 2.2 (Escoffre et al., 2009). 
 
Vm = 1.5RECosθfg (1-e
-t/τ
)                                    (2.2) 
 
Where f is a shape factor which has a value of 1 for a sphere, R is the radius of the 
cell in meter; τ is the membrane charging constantly. E is the applied electric field 
intensity; θ is the angle between the electric field and the direction of normal to the 
membrane; g is a correction factor for a membrane that is not a perfect insulator. The 
18 
 
value of g is given by equation 2.3 (Escoffre et al., 2009; Zimmermann & Neil, 
1996). 
 
g= 1/ (1+Gmr+ (0.5ρi+ρe))                                   (2.3) 
 
Where Gm is the membrane conductance per unit area and ρi and ρe are 
respectively the resistivity of the interior and exterior of the cell. Since in most cases 
the membrane conductivity is very small, g can be approximated to be 1. Therefore, 
for a spherical cell (f=1), the value of induced transmembrane potential become 
 
Vm= 1.5rEcosθ (1-e
-t/τ
)                                      (2.4) 
  
Equation 2.4 is called transient transmembrane potential. At a time much higher than 
the membrane charging time, the exponential term becomes zero. Therefore, 
equation 2.4 becomes; 
 
Vm=1.5rEcosθ                                            (2.5) 
 
Equation 2.5 is called the Schwan equation. From equation 2.5, it can be seen 
that the induced potential is directly proportional to the radius of the cell and angle 
between the electric field and direction of the normal to the membrane. Note that 
once the membrane permeabilizes, equation 2.5 is no longer valid because of the 
membrane dielectric breakdown. In other words, the membrane ceases to be an 
insulator (Morss, 2012). After permeabilization, increasing E affects the increase in 
the value of transmembrane potential. However, the membrane conductivity 
significantly increases due to the flow of ionic current through the membrane (Morss, 
2012; Zimmermann & Neil, 1996).  
2.5 Theory of electroporation 
A phenomenon in which a cell is exposed to a short but high-voltage electric field 
that momentarily disrupts the lipid bilayer and proteins of the cell membrane is 
called electroporation or electropermeabilization (Zimmermann & Vienken, 1982). 
There are protein channels, pores, and pumps present in the cell membrane. The 
closing and the opening of many of these channels constituted by proteins being 
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dependent on transmembrane potential (Kotnik et al., 2012). When an electric field is 
applied, many voltage sensitive protein channels will open. Once open, the protein 
channels will experience a current much greater than the current usually experienced 
by the protein channels during metabolic activities. 
Consequently, the protein channels are irreversibly denatured (the disruption 
of the protein molecule from its three- dimensional shape that eliminates its enzyme 
activities is denaturation) by Joule heating or electric modification of functional 
groups such as hydroxyl, carboxyl, sulfhydryl, or amino group (Suzuki et al., 2011; 
Kotnik et al., 2010). The lipid bilayer is also vulnerable to the applied electric fields 
due to its net electric charge (Tieleman, 2004). The use of an electric field causes 
lipid molecules to reorient, thus creating hydrophilic pores. Hydrophilic pores 
conduct current, thereby generating local Joule heating and bring thermal transitions 
of the lipid bilayer from a firm gel structure to a liquid crystalline structure. 
Therefore, electroporation in the cell membrane occurs both in the protein channels 
and the lipid bilayer (Ho & Mittal, 1996; Tsong, 1991). 
2.5.1 Stages of electroporation 
The electroporation method comprises different stages. The first of them is pore 
creation, which is the cell membrane’s reaction to the induced transmembrane 
potential and survives for few microseconds (Kanduser & Miklavcic, 2009). The 
second stage is a time dependent enlargement of the pore size happening in a time 
range of hundreds of microseconds to milliseconds and lasts throughout the duration 
of pulses. The last phase is membrane recovery, which starts immediately after the 
removal applied electric pulse and consists of pore resealing, and survives for few 
minutes (Leontiadou, Mark & Marrink, 2004). The first stage of electroporation can 
be measured by changes in membrane conductivity and is related to short-lived 
transient pore formation, which does not contribute to molecular transport (Pavlin, 
Leben & Miklavcic, 2007). Molecular transport through the permeabilized cell 
membrane related with electroporation is detected from the pore formation stage 
until membrane resealing is completed (Puc et al., 2003; Pavlin et al., 2007). 
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2.5.2 Parameters affecting electroporation 
Factors such as electric field parameters, the chemical composition of media and cell 
characteristic can affect the efficiency of electroporation. The most influential among 
these factors is electric field parameters. The most important electric pulse 
parameters are amplitude, duration, number and repetition frequency (Lebar & 
Miklavcic 2001; Canatella et al., 2001). If those parameters exceed the optimal 
values, irreversible electroporation takes place due to cell membrane disintegration 
resulting in cell lysis (Canatella et al. 2001). The choice of electric pulse parameters 
thus depends on the desired application. Some applications require reversible, while 
others require irreversible electroporation. For loading of foreign molecules into the 
cell, reversible electroporation is required.  
The choice of electric pulse parameters depends on the type of the foreign 
molecule that is being introduced. For small molecules, such as different drugs or 
fluorescence dyes, a train of relatively short pulses (time duration in the range of 
microseconds to milliseconds) is sufficient. For large molecules, such as DNA, 
longer pulses (range of few milliseconds) or a combination of high-voltage short-
duration pulses and low-voltage long-duration pulses is used (Satkauskas et al., 
2002). 
Besides the aforementioned parameters of electric pulses, different pulse 
shapes can also be used. The most frequently used are exponential and square wave 
pulses. Electric pulses can be applied in one direction or their orientations can be 
changed during the pulse application. Such protocols were successfully used for 
electrochemotherapy and gene electrotransfer (Golzio et al., 2004; Faurie et al., 
2005; Rebersek et al., 2007). 
2.5.3 Application of electroporation 
2.5.3.1 Electrofusion 
The use of electrical pulses can result in membrane fusion of neighbouring cells in 
close contact when suitable physical conditions were achieved (Jordan, Neumann & 
Sower, 2013; Zimmermann, 1986). Electrofusion leads encapsulation of both 
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original cells intracellular membrane material and can be used to obtain genetic 
hybrids cell or hybridomas (Talele et al., 2010). Hybridomas are hybrid cells created 
by the fusion of an antibody discharging stimulated B-lymphocytes, with a tumour 
cell that develops well in culture (Orentas et al., 2001). Electrofusion approach was 
successful in the reconstructed embryo in mammalian cloning (Gaynor et al., 2005). 
2.5.3.2 Electrochemotherapy 
The use of chemotherapeutic drugs combined together with electroporation is called 
electrochemotherapy (ECT). ECT facilitates the delivery of chemotherapeutic drugs 
to the malignant cell (Pavšelj & Miklavčič, 2008). Many chemotherapeutic drugs 
cannot cross the cell membrane under normal condition. Therefore, with the help of 
electrochemotherapy, this can be easily achieved by creating pores in the cell 
membrane by the use of an electric field (Pavšelj & Miklavčič, 2008). Commonly 
used drugs for chemotherapy such as bleomycin and cisplatin were found to be much 
more effective in the electrochemotherapy than in only chemotherapy when applied 
to a tumour cell lines both in vitro and in vivo (Mir et al., 2006; Sersa, Cemazar & 
Snoj, 2009). 
2.5.3.3 Electrogenetherapy 
The process of transferring DNA into cells to affect some form of gene therapy is 
often referred to as electrogenetherapy. Electrogenetherapy is currently being applied 
in some clinical trials (Heller & Heller, 2006). Additionally, it is also currently being 
considered to having a large potential as a non-viral method of delivering genetic 
material into cells, a technique meant for correcting genetic diseases (Heller & 
Heller, 2006). The genes being coiled up need a larger electropores for a longer time 
in order for it to enter the cells. Numerical modelling is useful to establish 
appropriate parameters to achieve this (Talele et al., 2010; Zhao, Zhang, & Yang, 
2010). A successful gene transfer process is the one where the electrical and living 
conditions of the cell are such that the barrier function of the cell membrane is 
rapidly restored for a cell survival. This process is termed electrogene transfer and 
when used for therapeutic purpose, electrogene therapy. 
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2.5.3.4 Electroinsertion 
Another use of electroporation is the insertion of molecules or ion into the cell 
membrane. As the pores created by the electric field in the membrane reseal, they 
entrapped some of the transported molecules (Talele & Gaynor, 2008). Experiments 
on Electroinsertion advocate the likelihood of applying the method to study certain 
physiological properties of the cells and understanding features of the lipid-protein 
interactions of the cell plasma membrane (Talele & Gaynor, 2008). 
2.5.3.5 Electro-sterilisation 
Pulse electric field is used as a promising method in the cold sterilisation of liquid 
food and drug. In this process, an irreversible electroporation is used to permanently 
destroyed the micro-organisms in the food or drug without changing its temperature, 
which may be the case when the thermal method was employed (Jaeger, Balasa & 
Knorr, 2009). 
2.6 Pulse electric field effect and cell injury 
An electric field (E) is defined as the ratio of the potential difference between two 
points (V) and the separation distance (d) between them, that is E = V/d. An electric 
field is a derived quantity measured in volt per centimetre (V/cm) or volts per meter 
(V/m). An electric field in a conductive medium generally produces current and vice 
versa (Song et al., 2007; Zhao, 2009). In a living organism, there are two 
predominant direct currents (DC) voltage sources namely; the transmembrane 
voltage in the cell membrane and trans-epithelial voltage that is present across a cell 
sheet interconnected through a high resistance tight junction (Messerli & Graham, 
2011). An injury to this junction will create a low resistance pathway at the injury 
site. Therefore, due to the presence of the transmembrane and trans-epithelial 
voltage, coupled with the low resistance path (conductive path) created as a result of 
the injury, a current would flow at the injury site. Consequently, cells at the site of 
the injury are directed to migrate in the direction of the current to close the wound 
(Zhao, 2009; Messerli & Graham, 2011). Hence, it has been a question that 
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application of external field could induce additional voltage on the cell membrane 
which may further facilitate cell repair, by increasing the current flow provided it is 
not high enough to cause cell damage (Nuccitelli, 2003; Zhao et al., 2006; Messerli 
& Graham, 2011). 
2.7 Electric current correlation with body sensation 
Electric shock is defined as a physiological response, injury, or sensation triggered 
by electric current passing through our body (Lipman, 2007). It happens when our 
body comes in contact with any source of electricity that can cause a sufficient 
current to pass through the skin. The least current a human can sense depends on the 
current type (Alternating current (AC) or Direct Current (DC)) as well as frequency 
for AC. A person can feel at least 1mA (rms) of AC at 60 Hz, while at least 5 mA for 
DC (Clifford, 2005; John, 2005). If the current is high enough, it can cause tissue 
damage or fibrillation which can result to cardiac arrest. An AC Current of 30mA or 
DC current of 300–500mA can cause fibrillation (Clifford, 2005; Hobbs, Ossenkop 
& Lathan, 2017). The rule of thumb is 50V for AC or 120V for DC is considered the 
hazard limit (Hobbs et al., 2017; John, 2005). However, the voltage level can change 
depending on the humidity and body conditions (wet or dry). Therefore, to say 
whether the voltage is unsafe depends on the condition of the body (because body 
resistance varies with the condition of the body either wet or dry). 
2.8 Cell viability 
Cell viability measurement is used to determine the number of living cells in a total 
sample (Strober, 2001). The test for cell viability usually involves looking at the 
sample of the cell population and then staining the cells with trypan blue. The sample 
is then subjected to microscopic examination to evaluate which cells are viable 
(Wang et al., 2010a). A viable cell with intact membrane will exclude the dye and 
appear very bright under bright field microscopy. Whereas, a dead cell with porous 
membrane will absorb the dye and appear very dark under bright field microscopy 
(Wang et al., 2010a; Strober, 2001). 
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2.9 Microcontact printing technique 
Micro-contact printing (MCP) is a scheme that allows a substrate to be 
functionalized freely with ECM protein, in a well-defined array (Ricoult et al., 2012; 
Berends, 2012; Khaghani, 2012). MCP also provides room for regulation of cell 
adhesion geometry on a substrate (Sefat, 2013). Microcontact printed surface may be 
used to study cellular behaviour with respect to a wide range of ECM protein such as 
laminin, fibronectin, and collagen (Park & Shuler, 2003; Khaghani et al., 2008). 
Laminin, fibronectin, and collagen are the principle component of extracellular 
matrix protein and perfect molecule for micro-contact printing (Sefat, 2013). This is 
because they can coordinate cellular behaviour like cell attachment, motility, 
development and differentiation in vitro (Han et al., 2007). This cellular behaviour 
could then be utilized to help in understanding the cell signalling pathways that are 
connected with the regulation of cell interaction with the surface (Stevens & George, 
2005; Pawson & Nash, 2003). 
2.10 Extracellular matrix protein as a tool for microcontact printing 
technique 
ECM protein such as laminin (Lauer, Klein & Offenhausser, 2001), fibronectin and 
collagen (Yamamota et al., 2006), have been widely used to facilitate cell responses 
to guidance cues. In a nutshell, the creation of this ECM protein with a repeated 
stripe networks excites cell alignment and directed cell migration (Jamil et al. 2007). 
Nonetheless, various cells react to guidance cues of different sizes in different ways 
(Jamil et al. 2007). Extracellular matrix (ECM) protein is the main regulators of 
many cellular functions such as cell to cell adhesion, cell to ECM adhesion, cell 
communication and cell division (Raab et al., 2010). 
 Additionally, ECM also controls cell migration and cell shape. 
Understanding the process that controls cell function such as proliferation adhesion 
and migration is very significant for wound healing and tissue engineering 
application and in the development of new tissue in vivo (Shin, Jo & Mikos, 2003; 
Metcalfe & Ferguson, 2007). Laminin, fibronectin, and collagen are the major 
components of ECM protein. Each of this protein bind to a specific integrin 
161 
 
REFERENCES 
 
Adon, M. N., Dalimin, M. N., Jamil, M. M. A., Kassim, N. M. & Hamdan, S. (2012). 
Study of Effect of Microsecond Pulsed Electric Fields on Threshold Area of 
HeLa Cells. In Biomedical Engineering and Sciences (IECBES), 2012  IEEE 
EMBS Conference on. IEEE. pp. 484-486. 
Alberts, B., Bray, D., Lewis, J., Raff, M., Roberts, K. & Watson, J. D. (2002a). 
Molecular Biology of the Cell. New York, United States of America: Garland   
publishing. 
Alberts, B., Johnson, A., Lewis, J., Raff, M., Roberts, K. & Walter, P. (2002b). 
Molecular Biology of the Cell. Chapter 19: Cell Junctions, Cell Adhesion and 
the Extracellular Matrix. Garland Science. 
Bai, H., Forrester, J. V. & Zhao, M. (2011). DC electric stimulation upregulates 
angiogenic factors in endothelial cells through activation of VEGF 
receptors. Cytokine, 55(1), pp. 110-115. 
Bennett, K. M., Walker, S. L. & Lo, D. D. (2014). Epithelial microvilli establish an 
electrostatic barrier to microbial adhesion. Infection and Immunity, 82(7), pp. 
2860-2871. 
Benoit, M., Gabriel, D., Gerisch, G. & Gaub, H. E. (2000). Discrete interactions in 
cell adhesion measured by single-molecule force spectroscopy. Nature Cell 
Biology, 2(6), pp. 313-317. 
Berends, R. F. (2012). The Effects of TGF-β on the Behaviour of a Keratinocyte Cell 
Line: Implications in Wound Repair. University of Bradford: Ph.D. Thesis. 
Berends, R. F., Youseffi, M., Sefat, F., Khaghani, S. A. & Denyer, M. (2009). 
Investigating keratinocyte cell responses to ECM proteins using microcontact 
printing. Journal of Anatomy, 215(6), pp. 711. 
162 
 
Bos, R., Van der Mei, H. C. & Busscher, H. J. (1999). Physico-chemistry of initial 
microbial adhesive interactions–its mechanisms and methods for study. FEMS 
Microbiology Reviews, 23(2), pp. 179-230. 
Bradshaw, M., Ho, D., Fear, M. W., Gelain, F., Wood, F. M. & Iyer, K. S. (2014). 
Designer self-assembling hydrogel scaffolds can impact skin cell proliferation 
and migration. Scientific Reports, 4, pp. 1-6. 
Brauer, M. J., Huttenhower, C., Airoldi, E. M., Rosenstein, R., Matese, J. C., 
Gresham,  D. & Botstein, D. (2008). Coordination of growth rate, cell cycle, 
stress response and metabolic activity in yeast. Molecular Biology of the 
Cell, 19(1),  pp. 352-367. 
Canatella, P. J., Karr, J. F., Petros, J. A. & Prausnitz, M. R. (2001). Quantitative 
study of electroporation-mediated molecular uptake and cell 
viability. Biophysical Journal, 80(2), pp. 755-764. 
Chengxiang, L. I., Caixin, S. U. N. & Chenguo, Y. A. O. (2011). Effects on cervical 
cancer cell migration, adhesion and invasion introduced by microsecond 
pulsed electric field. High Voltage Engineering, 37(7), pp. 1781-1786. 
Choma, D. P., Milano, V., Pumiglia, K. M. & DiPersio, C. M. (2007). Integrin α3β1-
dependent activation of FAK/Src regulates Rac1-mediated keratinocyte 
polarization on laminin-5. Journal of Investigative Dermatology, 127(1), pp. 
31-40. 
Clifford, D. F. (2005). Electric Shock. in Jerry, C. W. (Ed.). The Electronics 
Handbook. Florida: CRC Press. pp. 2317-2324 
Cooper, G. M. & Hausman, R. E. (2000). The Cell. Sunderland: Sinauer  Associates. 
pp. 725-730. 
Coster, H. G. L. (2009). Discovery of ―punch-through‖ or membrane electrical 
breakdown and electroporation. European Biophysics Journal, 39(1), pp. 185-
189. 
Croll, T. I., O'Connor, A. J., Stevens, G. W. & Cooper-White, J. J. (2006). A blank 
slate Layer-by-layer deposition of hyaluronic acid and chitosan onto various 
surfaces. Biomacromolecules, 7(5), pp. 1610-1622. 
Curtis, A. & Riehle, M. (2001). Tissue engineering: the biophysical background. 
 Physics in Medicine and Biology, 46, pp. R47-R65. 
Dalby, M. J. (2009). Nanostructured surfaces: cell engineering and cell 
biology. Nanomedicine, 4(3), pp. 247-248. 
163 
 
Davidson, E. B., Scharstuhl, A., Vitters, E. L., Van Der Kraan, P. M. & Van Den 
Berg, W. B. (2005). Reduced transforming growth factor-beta signaling in 
cartilage of old mice: role in impaired repair capacity. Arthritis Research & 
Therapy, 7(6), pp. R1338-R1347. 
Derynck, R., Lindquist, P. B., Lee, A., Wen, D. U., Tamm, J., Graycar,  J. L. & 
Coffey, R. J. (1988). A new type of transforming growth factor-beta,  TGF-
beta 3. The EMBO Journal, 7(12), pp. 3737-3743. 
Desprat, N., Supatto, W., Pouille, P. A., Beaurepaire, E. & Farge, E. (2008). Tissue 
deformation modulates twist expression to determine anterior midgut 
differentiation in Drosophila embryos. Developmental Cell, 15(3), pp. 470-
477. 
Dubey, A. K., Gupta, S. D. & Basu, B. (2011). Optimization of electrical stimulation 
parameters for enhanced cell proliferation on biomaterial surfaces. Journal of 
Biomedical Materials Research Part B: Applied Biomaterials, 98(1), pp. 18-
29. 
Durbeej, M. (2010). Laminins. Cell and Tissue Research, 339(1), pp. 259-268. 
Edd, J. F. & Davalos, R. V. (2007). Mathematical modeling of irreversible 
electroporation for treatment planning. Technology in Cancer Research & 
Treatment, 6(4), pp. 275-286. 
Enderle, J., Blanchard, S. & Bronzino, J. (2005). Introduction to Biomedical 
Engineering. UK/USA: Elsevier Academic Press. 
Escoffre, J. M., Portet, T., Wasungu, L., Teissie, J., Dean, D. & Rols, M. P. (2009). 
What is (still not) known of the mechanism by which electroporation mediates 
gene transfer and expression in cells and tissues. Molecular 
Biotechnology, 41(3), pp. 286-295. 
Farahani, E., Patra, H. K., Jangamreddy, J. R., Rashedi, I., Kawalec, M., Pariti, R. K. 
R., Batakis, P. & Wiechec, E. (2014). Cell adhesion molecules and their 
relation to (cancer) cell stemness. Carcinogenesis, 35(4), pp. 747-759. 
Faurie, C., Golzio, M., Phez, E., Teissie, J. & Rols, M. P. (2005). Electric Field‐
 Induced Cell Membrane Permeabilization and Gene Transfer: Theory and 
 Experiments. Engineering in Life Sciences, 5(2), pp. 179-186. 
Feinberg, A. W., Wilkerson, W. R., Seegert, C. A., Gibson, A. L., Hoipkemeier‐
Wilson, L. & Brennan, A. B. (2008). Systematic variation of 
microtopography, surface chemistry and elastic modulus and the state 
164 
 
dependent effect on endothelial cell alignment. Journal of Biomedical 
Materials Research Part A, 86(2), pp. 522-534. 
Fletcher, M. (1992). The Measurement of Bacterial Attachment to Surfaces in Static 
Systems. In Biofilms—Science and Technology. Netherlands: Springer. pp. 
603-614 
Fletcher, S. J. (2013). Investigating the Role of Vesicle Trafficking in Epithelial Cell 
Migration. University of Birmingham: Ph. D. Thesis 
Foppiano, S., Marshall, S. J., Marshall, G. W., Saiz, E. & Tomsia, A. P. (2007). 
Bioactive glass coatings affect the behavior of osteoblast-like cells. Acta 
Biomaterialia, 3(5), pp. 765-771. 
Forgue-Lafitte, M. E., Coudray, A. M., Bréant, B. & Mešter, J. (1989). Proliferation 
of the human colon carcinoma cell line HT29: autocrine growth and 
deregulated expression of the c-myc oncogene. Cancer Research, 49(23), pp. 
6566- 6571. 
Frank, J. F. (2001). Microbial attachment to food and food contact 
surfaces. Advances in Food and Nutrition Research, 43, pp. 319-370. 
Freshney, R. I. (2005). Culture of Specific Cell Types. John Wiley & Sons, Inc. 
Fujii, A., Shearer, T. R. & Azuma, M. (2015). Galectin-3 enhances extracellular 
matrix associations and wound healing in monkey corneal 
epithelium. Experimental Eye Research, 137, pp. 71-78. 
Funk, R. H. & Monsees, T. K. (2006). Effects of electromagnetic fields on cells: 
physiological and therapeutical approaches and molecular mechanisms of 
interaction. Cells Tissues Organs, 182(2), pp. 59-78. 
Gaynor, P., Wells, D. N. & Oback, B. (2005). Couplet alignment and improved 
electrofusion by dielectrophoresis for a zona-free high-throughput cloned 
embryo production system. Medical and Biological Engineering and 
Computing, 43(1), pp. 150-154. 
Geiger, B., Bershadsky, A., Pankov, R. & Yamada, K. M. (2001). Transmembrane 
crosstalk between the extracellular matrix and the cytoskeleton. Nature 
Reviews Molecular Cell Biology, 2(11), pp. 793-805. 
Gekas, J., Hindié, M., Faucheux, N., Lanvin, O., Mazière, C., Fuentès, V. & Nagel, 
M. D. (2004). The inhibition of cell spreading on a cellulose substrate 
(cuprophan) induces an apoptotic process via a mitochondria‐dependent 
pathway. FEBS Letters, 563(1-3), pp. 103-107. 
165 
 
Gelse, K., Pöschl, E. & Aigner, T. (2003). Collagens—structure, function, and 
 biosynthesis. Advanced Drug Delivery Reviews, 55(12), pp. 1531-1546. 
Gerard, H. M. (2004). The use of electric fields in tissue 
engineering. Organogenesis, 4, pp. 11-17. 
Gerhart, J., Wu, M. & Kirschner, M. (1984). Cell cycle dynamics of an M-phase-
specific cytoplasmic factor in Xenopus laevis oocytes and eggs. The Journal 
of  Cell Biology, 98(4), pp. 1247-1255. 
Ghassemi, S., Meacci, G., Liu, S., Gondarenko, A. A., Mathur, A., Roca-Cusachs, P. 
& Hone, J. (2012). Cells Test Substrate Rigidity by Local Contractions on 
Submicrometer Pillars. Proceedings of the National Academy of 
Sciences, 109(14), pp. 5328-5333. 
Ghibaudo, M., Trichet, L., Le Digabel, J., Richert, A., Hersen, P. & Ladoux, B. 
(2009). Substrate topography induces a crossover from 2D to 3D behavior in 
fibroblast migration. Biophysical Journal, 97(1), pp. 357-368. 
Goke, M., Zuk, A. N. & Podolsky, D. K. (1996). Regulation and function of 
extracellular matrix intestinal epithelial restitution in vitro. American Journal 
of Physiology-Gastrointestinal and Liver Physiology, 271(5), pp. G729-G740. 
Golberg, A. & Rubinsky, B. (2010a). The effect of electroporation type pulsed 
electric fields on DNA in aqueous solution. Technology in Cancer Research & 
Treatment, 9(4), pp. 423-430. 
Golberg, A. & Rubinsky, B. (2010b). A statistical model for multidimensional 
irreversible electroporation cell death in tissue. Biomedical Engineering 
Online, 9(1), pp. 1-13. 
Golzio, M., Rols, M. P., & Teissie, J. (2004). In vitro and in vivo electric field-
mediated permeabilization, gene transfer and expression. Methods, 33(2), pp. 
126- 135. 
Gorvy, D. A., Herrick, S. E., Shah, M. & Ferguson, M. W. (2005). Experimental 
manipulation of transforming growth factor-β isoforms significantly affects 
adhesion formation in a murine surgical model. The American Journal of 
Pathology, 167(4), pp. 1005-1019. 
Gumbiner, B. M. (2005). Regulation of Cadherin-mediated Adhesion in 
Morphogenesis. Nature Reviews Molecular Cell Biology, 6(8), pp. 622-634. 
166 
 
Guo, A., Song, B., Reid, B., Gu, Y., Forrester, J. V., Jahoda, C. A. & Zhao, M. 
(2010). Effects of physiological electric fields on migration of human dermal 
fibroblasts. Journal of Investigative Dermatology, 130(9), pp. 2320-2327. 
Hahn, U. (1988). Extracellular matrix proteins in small-intestinal cell cultures. 
Scandinavian Journal of Gastroenterology, 23(151), pp. 70-78. 
Hall, J. E. (2015). Guyton and Hall Textbook of Medical Physiology. Elsevier Health 
Sciences. 
Han, F., Gilbert, J. R., Harrison, G., Adams, C. S., Freeman, T., Tao, Z. & Norton, P. 
A. (2007). Transforming growth factor-β1 regulates fibronectin isoform 
expression and splicing factor SRp40 expression during ATDC5 chondrogenic 
maturation. Experimental Cell Research, 313(8), pp. 1518-1532. 
Hay, E. D. (Ed.). (2013). Cell Biology of Extracellular Matrix. Springer Science & 
Business Media. 
Heller, L. C. & Heller, R. (2006). In vivo electroporation for gene therapy. Human 
Gene Therapy, 17(9), pp. 890-897. 
Heller, R., Schultz, J., Lucas, M. L., Jaroszeski, M. J., Heller, L. C., Gilbert, R. A. & 
Nicolau, C. (2001). Intradermal delivery of interleukin-12 plasmid DNA by in 
vivo electroporation. DNA and Cell Biology, 20(1), pp. 21-26. 
Henslee, B. E., Morss, A., Hu, X., Lafyatis, G. P. & Lee, L. J. (2011). 
Electroporation dependence on cell size: optical tweezers study. Analytical 
Chemistry, 83(11),  pp. 3998-4003. 
Hille, B. (2001). Ion Channels of Excitable Membranes (Vol. 507). Sunderland, MA: 
Sinauer. 
Ho, S. Y. & Mittal, G. S. (1996). Electroporation of cell membranes: a 
review. Critical Reviews in Biotechnology, 16(4), pp. 349-362. 
Hobbs, D., Ossenkop, C., & Latham, A. (2017). The Safe Handling of High Voltage 
Electric and Hybrid Vehicle Components within the Global Vehicle Recycling 
Industry (No. 2017-01-1275). SAE Technical Paper. 
Hojman, P., Gissel, H. & Gehl, J. (2007). Sensitive and precise regulation of 
haemoglobin after gene transfer of erythropoietin to muscle tissue using 
electroporation. Gene Therapy, 14(12), pp. 950-959. 
http://academic.venturacollege.edu/sflagan/protected/Ch4_structures,pdf, 2016. 
http://www.vance-miller.net/2016/08/download-free-cell-membrane-coloring-sheet. 
 
167 
 
Hynes, R. O. (2002). Integrins: bidirectional, allosteric signaling 
machines. Cell, 110(6), pp. 673-687. 
Ivanov, I. I., de Llanos Frutos, R., Manel, N., Yoshinaga, K., Rifkin, D. B., Sartor, R. 
 B. & Littman, D. R. (2008). Specific microbiota directs the differentiation of 
 IL-17-producing T-helper cells in the mucosa of the small intestine. Cell Host 
 & Microbe, 4(4), pp. 337-349. 
Iwai, R., Nemoto, Y. & Nakayama, Y. (2013). The effect of electrically charged 
polyion complex nanoparticle-coated surfaces on adipose-derived stromal 
progenitor cell behaviour. Biomaterials, 34(36), pp. 9096-9102. 
Jacinto, A., Woolner, S., & Martin, P. (2002). Dynamic analysis of dorsal closure in 
Drosophila: from genetics to cell biology. Developmental Cell, 3(1), pp. 9-19. 
Jaeger, H., Balasa, A., & Knorr, D. (2009). Food Industry Applications for Pulsed 
Electric Fields. In Electrotechnologies for Extraction from Food Plants and 
Biomaterials. New York: Springer. pp. 181-216. 
Jamil, M. M. A., Youseffi, M., Britland, S. T., Liu, S., See, C. W., Somekh, M. G. & 
Denyer, M. C. T. (2007). Widefield Surface Plasmon Resonance Microscope: 
a Novel Biosensor Study of Cell Attachment to Micropatterned Substrates. 
In 3rd Kuala Lumpur International Conference on Biomedical Engineering 
2006. Berlin Heidelberg: Springer. pp. 334-337. 
Jiang, X., Takayama, S., Chapman, R. G., Kane, R. S. & Whitesides, G. M. (2007). 
Micro-scale Patterning of Cells and their Environment. 
John, C. (Ed.) (2005). Electrical Safety Handbook. 3rd ed. Columbus: McGraw Hill. 
pp. 1-4. 
John, G. R., Lee, S. C. & Brosnan, C. F. (2003). Cytokines: powerful regulators of 
glial cell activation. The Neuroscientist, 9(1), pp. 10-22. 
Joosten, L. A., Smeets, R. L., Koenders, M. I., van den Bersselaar, L. A., Helsen, M. 
M., Oppers-Walgreen, B. & van den Berg, W. B. (2004). Interleukin-18 
promotes joint inflammation and induces interleukin-1-driven cartilage 
destruction. The American Journal of Pathology, 165(3), pp. 959-967. 
Jordan, C. A., Neumann, E. & Sowers, A. E. (Eds.). (2013). Electroporation and 
Electrofusion in Cell Biology. Springer Science & Business Media. 
Jordan, E. T., Collins, M., Terefe, J., Ugozzoli, L., & Rubio, T. (2008). Optimizing 
electroporation conditions in primary and other difficult-to-transfect cells. J 
Biomol Tech, 19(5), pp. 328-334. 
168 
 
Jorgensen, P. & Tyers, M. (2004). How cells coordinate growth and division. 
Current Biology, 14(23), pp. R1014-R1027. 
Juliano, R. L. & Haskill, S. (1993). Signal transduction from the extracellular 
matrix. Journal of Cell Biology, 120, pp. 577-577. 
Kamm, R. D. (2002). Cellular fluid mechanics. Annual Review of Fluid 
Mechanics, 34(1), pp. 211-232. 
Kandušer, M. & Miklavčič, D. (2009). Electroporation in biological cell and tissue: 
an overview. In Electrotechnologies for Extraction from Food Plants and 
Biomaterials. New York: Springer. Pp. 1-37 
Kandušer, M., Šentjurc, M. & Miklavčič, D. (2006). Cell membrane fluidity related 
to electroporation and resealing. European Biophysics Journal, 35(3), pp. 196-
204. 
Kanthou, C., Kranjc, S., Sersa, G., Tozer, G., Zupanic, A. & Cemazar, M. (2006). 
The endothelial cytoskeleton as a target of electroporation-based 
therapies. Molecular Cancer Therapeutics, 5(12), pp. 3145-3152. 
Kelvin, K., Pamela, A., Wilson, L. & Christopher, M. (2000) Biochemical and 
functional characterization of intercellular adhesion and gap junctions in 
fibroblast. Am J Physiol Cell Physiol, 279 (1), pp. C147-157. 
Khaghani, S. A. (2012). Cell and Tissue Engineering of Articular Cartilage via 
Regulation and Alignment of Primary Chondrocyte using Manipulated 
Transforming Growth Factors and ECM Proteins. University of Bradford: 
Ph.D. Thesis. 
Khaghani, S., Sefat, F., Denyer, M., & Youseffi, M. (2008). Alignment of rat 
primary chondrocyte cells to collagen type-i, fibronectin and laminin. Journal 
of Anatomy, 213(3), pp. 351. 
Khang, D., Sato, M., Price, R. L., Ribbe, A. E. & Webster, T. J. (2006). Selective 
adhesion and mineral deposition by osteoblasts on carbon nanofiber 
patterns. International Journal of Nanomedicine, 1(1), pp. 65-72. 
Kholodenko, B. N. (2006). Cell-signalling dynamics in time and space. Nature 
Reviews Molecular Cell Biology, 7(3), pp. 165-176. 
Kimura, K., Kawamoto, K., Teranishi, S., & Nishida, T. (2006). Role of Rac1 in 
fibronectin-induced adhesion and motility of human corneal epithelial 
cells. Investigative Ophthalmology & Visual Science, 47(10), pp. 4323-4329. 
169 
 
Kladakis, S. M. & Nerem, R. M. (2004). Endothelial cell monolayer formation: 
effect of substrate and fluid shear stress. Endothelium, 11(1), pp. 29-44. 
Korber, D. R., Lawrence, J. R. & Lappin-Scott, H. M. (2003). Growth of 
Microorganisms on surface. Microbial Biofilms, 5, pp. 15-45. 
Kotnik, T., Kramar, P., Pucihar, G., Miklavcic, D. & Tarek, M. (2012). Cell 
membrane electroporation-Part 1: The phenomenon. IEEE Electrical 
Insulation Magazine, 28(5), pp. 14-23. 
Kotnik, T., Pucihar, G. & Miklavčič, D. (2010). Induced transmembrane voltage and 
its correlation with electroporation-mediated molecular transport. The Journal 
of Membrane Biology, 236(1), pp. 3-13. 
Kozma, S. C. & Thomas, G. (2002). Regulation of cell size in growth, development 
and human disease: PI3K, PKB and S6K. Bioessays, 24(1), pp. 65-71. 
Kranjc, S., Cemazar, M., Grosel, A., Sentjurc, M. & Sersa, G. (2005). 
Radiosensitising effect of electrochemotherapy with bleomycin in LPB 
sarcoma cells and tumors in mice. BMC Cancer, 5(1), pp. 115. 
Kranjc, S., Cemazar, M., Grosel, A., Sentjurc, M. & Sersa, G. (2005). 
Radiosensitising effect of electrochemotherapy with bleomycin in LPB 
sarcoma cells and tumors in mice. BMC Cancer, 5(1), pp. 115-124. 
Krassowska, W., Nanda, G. S., Austin, M. B., Dev, S. B. & Rabussay, D. P. (2003). 
Viability of cancer cells exposed to pulsed electric fields: the role of pulse 
charge. Annals of Biomedical Engineering, 31(1), pp. 80-90. 
Krauss, G. (2006). Biochemistry of Signal Transduction and Regulation. John Wiley 
& Sons. 
Landesberg, R., Cozin, M., Cremers, S., Woo, V., Kousteni, S., Sinha, S. & 
Raghavan, S. (2008). Inhibition of oral mucosal cell wound healing by 
bisphosphonates. Journal of Oral and Maxillofacial Surgery, 66(5), pp. 839-
847. 
Lauer, L., Klein, C. & Offenhäusser, A. (2001). Spot compliant neuronal networks 
by structure optimized micro-contact printing. Biomaterials, 22(13), pp. 1925-
1932. 
Lawrence, D. A. (2001). Latent-TGF-β: an overview. Molecular and Cellular 
Biochemistry, 219(1-2), pp. 163-170. 
Le Digabel, J., Ghibaudo, M., Trichet, L., Richert, A. & Ladoux, B. (2010). 
Microfabricated substrates as a tool to study cell 
170 
 
mechanotransduction. Medical & Biological Engineering & 
Computing, 48(10), pp. 965-976. 
Lebar, A. M. & Miklavčič, D. (2001). Cell electropermeabilization to small 
molecules in vitro: control by pulse parameters. Radiology and 
Oncology, 35(3), pp. 193-202. 
Lebar, A. M., Sersa, G. R. E. G. O. R., Kranjc, S. I. M. O. N. A., Groselj, A. & 
Miklavcic, D. (2002). Optimisation of pulse parameters in vitro for in vivo 
electrochemotherapy. Anticancer Research, 22(3), pp. 731-1736. 
Leckband, D. (2000). Measuring the forces that control protein interactions. Annual 
Review of Biophysics and Biomolecular Structure, 29(1), 1-26. 
Lee, E. W., Loh, C. T. & Kee, S. T. (2007). Imaging guided percutaneous 
irreversible electroporation: ultrasound and immunohistological 
correlation. Technology in Cancer Research & Treatment, 6(4), pp. 287-293. 
Lee, P. Y., Chesnoy, S. & Huang, L. (2004). Electroporatic delivery of TGF-β1 gene 
works synergistically with electric therapy to enhance diabetic wound healing 
in db/db mice. Journal of Investigative Dermatology, 123(4), pp. 791-798. 
Leontiadou, H., Mark, A. E. & Marrink, S. J. (2004). Molecular dynamics 
simulations of hydrophilic pores in lipid bilayers. Biophysical Journal, 86(4), 
pp. 2156-2164. 
Levin, M. & Stevenson, C. G. (2012). Regulation of cell behavior and tissue 
patterning by bioelectrical signals: challenges and opportunities for biomedical 
engineering. Annual Review of Biomedical Engineering, 14, pp. 295-323. 
Lipman, E. A. (2007). Electrical Safety Information. California: UCSB Physics 
department. 
Liu, Y., Zhang, P., Li, J., Kulkarni, A. B., Perruche, S. & Chen, W. (2008). A critical 
function for TGF-β signaling in the development of natural CD4+ CD25+ 
Foxp3+ regulatory T cells. Nature Immunology, 9(6), pp. 632-640. 
Live cell instrument Inc. (2011). Live Cell Imaging Handbook and Catalogue. Seoul 
Korea: Chamlide. 
Lloyd, A. C. (2013). The regulation of cell size. Cell, 154(6), pp. 1194-1205. 
Lodish, H., Berk, A., Zipursky, S. L., Matsudaira, P., Baltimore, D. & Darnell, J. E. 
(2000). Molecular Cell Biology. New York. NY: WH Freeman 
Luna, S. M., Silva, S. S., Gomes, M. E., Mano, J. F. & Reis, R. L. (2011). Cell 
adhesion and proliferation onto chitosan-based membranes treated by plasma 
171 
 
surface modification. Journal of Biomaterials Applications, 26(1), pp. 101-
116. 
Lye, H., Khoo, Y., Karim, A., Rusul, G. & Liong, T. (2012). Growth properties and 
cholesterol removal ability of electroporated Lactobacillus acidophilus BT 
1088. Journal of Microbiology and Biotechnology, 22(7), pp. 981-989. 
Mackay, C. R. (2008). Moving targets: cell migration inhibitors as new anti-
inflammatory therapies. Nature Immunology, 9(9), pp. 988-998. 
Malafaya, P. B., Silva, G. A. & Reis, R. L. (2007). Natural–origin polymers as 
carriers and scaffolds for biomolecules and cell delivery in tissue engineering 
applications. Advanced Drug Delivery Reviews, 59(4), pp. 207-233. 
Mamman, H. B. & Jamil, M. M. A. (2015). Investigation of Electroporation Effect 
on HT29 Cell Lines Adhesion Properties. In Biomedical Engineering (ICoBE), 
2015 2nd International Conference on. IEEE. pp. 1-4. 
Mamman, H. B., Sadiq, A. A., Adon, M. N. & Jamil, M. M. A. (2015). Study of 
Electroporation Effect on HT29 Cell Migration Properties. In Control System, 
Computing and Engineering (ICCSCE), 2015 IEEE International Conference 
on. IEEE. pp. 342-346. 
Marguerat, S., & Bähler, J. (2012). Coordinating genome expression with cell 
size. Trends in Genetics, 28(11), pp. 560-565. 
Markar, A. Z. (2012). Electroporation of Mesenchymal Stem Cells for the Secretion 
of Factor IX . McMaster University, Canada. Ph.D. Thesis. 
Marshall, W. F., Young, K. D., Swaffer, M., Wood, E., Nurse, P., Kimura, A. & 
Roeder, A. H. (2012). What determines cell size? BMC Biology, 10(1), pp. 
101-123. 
Martin, P. (1997). Wound healing--aiming for perfect skin 
regeneration. Science, 276(5309), pp. 75-81. 
Martini, F., Ober, W. C., Garrison, C. W., Welch, K. & Hutchings, R. T. (2001). 
Fundamental of Anatomy and Physiology. New York, America: Prentice Hall. 
Martins, A., Reis, R. L. & Neves, N. M. (2008). Electrospinning: processing 
technique for tissue engineering scaffolding. International Materials 
Reviews, 53(5), pp. 257-274. 
Maskarinec, S. A., Wu, G. & Lee, K. Y. C. (2006). Membrane sealing by 
polymers. Annals of the New York Academy of Sciences, 1066(1), pp. 310-320. 
172 
 
Matsuzawa, M., Liesi, P., & Knoll, W. (1996). Chemically modifying glass surfaces 
to study substratum-guided neurite outgrowth in culture. Journal of 
Neuroscience Methods, 69(2), pp. 189-196. 
McCaig, C. D., Rajnicek, A. M., Song, B. & Zhao, M. (2005). Controlling cell 
behavior electrically: current views and future potential. Physiological 
Reviews, 85(3), pp. 943-978. 
McHugh, M. L. (2008). Standard error: meaning and interpretation. Biochemia 
Medica, 18(1), pp. 7-13. 
Medema, R. H., Kops, G. J., Bos, J. L. & Burgering, B. M. (2000). AFX-like 
Forkhead transcription factors mediate cell-cycle regulation by Ras and PKB 
through p27kip1. Nature, 404(6779), pp. 782-787. 
Meleady, P. & O'Connor, R. (2006). General Procedures for Cell Culture. Cell 
Biology, A Laboratory Handbook (3rd Ed., Vol. 1), J. Celis, eds.(Elsevier), 13-
20. 
Meleady, P. & O'Connor, R. (2006). General Procedures for Cell Culture. Cell 
Biology, A Laboratory Handbook (3rd Ed., Vol. 1), J. Celis, eds.(Elsevier), pp. 
13-20. 
Messerli, M. A. & Graham, D. M. (2011). Extracellular electrical fields direct wound 
healing and regeneration. The Biological Bulletin, 221(1), pp. 79-92. 
Metcalfe, A. D. & Ferguson, M. W. (2007). Tissue engineering of replacement skin: 
the crossroads of biomaterials, wound healing, embryonic development, stem 
cells and regeneration. Journal of the Royal Society Interface, 4(14), pp. 413-
437. 
Miklavcic, D. & Towhidi, L. (2010). Numerical study of the electroporation pulse 
shape effect on molecular uptake of biological cells. Radiology and 
Oncology, 44(1), pp. 34-41. 
Miklavčič, D. (2012). Network for development of electroporation-based 
technologies and treatments: COST TD1104. The Journal of Membrane 
Biology, 245(10), pp. 591-598. 
Miner, J. H. & Yurchenco, P. D. (2004). Laminin functions in tissue 
morphogenesis. Annu. Rev. Cell Dev. Biol., 20, pp. 255-284. 
Mir, L. M. & Orlowski, S. (1999). Mechanisms of electrochemotherapy. Advanced 
Drug Delivery Reviews, 35(1), pp. 107-118. 
173 
 
Mir, L. M., Gehl, J., Sersa, G., Collins, C. G., Garbay, J. R., Billard, V. & Marty, M. 
(2006). Standard operating procedures of the electrochemotherapy: 
instructions for the use of bleomycin or cisplatin administered either 
systemically or locally and electric pulses delivered by the Cliniporator TM by 
means of invasive or non-invasive electrodes. European Journal of Cancer 
Supplements, 4(11), pp. 14-25. 
Mir, L. M., Glass, L. F., Sersa, G., TeissiÃ, J., Domenge, C., Miklavcic, D. & 
Belehradek, M. (1998). Effective treatment of cutaneous and subcutaneous 
malignant tumours by electrochemotherapy. British Journal of 
Cancer, 77(12), pp. 2336-2342. 
Mir, L. M., Orlowski, S., Belehradek, J. & Paoletti, C. (1991). Electrochemotherapy 
potentiation of antitumour effect of bleomycin by local electric 
pulses. European Journal of Cancer and Clinical Oncology, 27(1), pp. 68-72. 
Miyata, S., Koshikawa, N., Yasumitsu, H. & Miyazaki, K. (2000). Trypsin stimulates 
integrin α5β1-dependent adhesion to fibronectin and proliferation of human 
gastric carcinoma cells through activation of proteinase-activated receptor-
2. Journal of Biological Chemistry, 275(7), pp. 4592-4598. 
Morgan, D. O. (2007). The cell cycle: principles of control. New Science Press. 
Morikawa, M., Derynck, R., & Miyazono, K. (2016). TGF-β and the TGF-β family: 
context-dependent roles in cell and tissue physiology. Cold Spring Harbor 
Perspectives in Biology, 8(5), pp. 1-25. 
Morris, G. F. & Mathews, M. B. (1989). Regulation of proliferating cell nuclear 
antigen during the cell cycle. Journal of Biological Chemistry, 264(23), pp. 
13856-13864. 
Morss, A. J. (2012). Optical Trapping Techniques Applied to the Study of Cell 
Membranes. The Ohio State University: Ph.D. Thesis. 
Muller, W. A. (2003). Leukocyte–endothelial-cell interactions in leukocyte 
transmigration and the inflammatory response. Trends in Immunology, 24(6), 
pp. 326-333. 
Nerem, R. M. (2006). Tissue engineering: the hope, the hype and the future. Tissue 
Engineering, 12(5), pp. 1143-1150. 
Neumann, E. (1992). Membrane electroporation and direct gene 
transfer. Bioelectrochemistry and Bioenergetics, 28(1-2), pp. 247-267. 
174 
 
Nikon Corporation. (2015). Inverted Microscope Eclipse TS100 Manual. Japan: 
Nikon. 
Nuccitelli, R. (2003). A role for endogenous electric fields in wound 
healing. Current Topics in Developmental Biology, 58, pp. 1-26. 
Ogaki, R., Alexander, M. & Kingshott, P. (2010). Chemical patterning in 
biointerface science. Materials Today, 13(4), pp. 22-35. 
Olsen, J. V., Ong, S. E. & Mann, M. (2004). Trypsin cleaves exclusively C-terminal 
to arginine and lysine residues. Molecular & Cellular Proteomics, 3(6), pp. 
608-614. 
Ong, Y. L., Razatos, A., Georgiou, G. & Sharma, M. M. (1999). Adhesion Forces 
between E. c oli bacteria and biomaterial surfaces. Langmuir, 15(8), pp. 2719-
2725. 
Orentas, R. J., Schauer, D., Bin, Q. & Johnson, B. D. (2001). Electrofusion of a 
weakly immunogenic neuroblastoma with dendritic cells produces a tumor 
vaccine. Cellular Immunology, 213(1), pp. 4-13. 
Pankov, R. & Yamada, K. M. (2002). Fibronectin at a glance. Journal of Cell 
Science, 115(20), pp. 3861-3863. 
Park, T. H. & Shuler, M. L. (2003). Integration of cell culture and microfabrication 
technology. Biotechnology Progress, 19(2), pp. 243-253. 
Pavlin, M., Leben, V. & Miklavčič, D. (2007). Electroporation in dense cell 
suspension—Theoretical and experimental analysis of ion diffusion and cell 
permeabilization. Biochimica et Biophysica Acta (BBA)-General 
Subjects, 1770(1), pp. 12-23. 
Pavšelj, N. & Miklavčič, D. (2008). Numerical modeling in electroporation-based 
biomedical applications. Radiology and Oncology, 42(3), pp. 159-168. 
Pawson, T. & Nash, P. (2003). Assembly of cell regulatory systems through protein 
interaction domains. Science, 300(5618), pp. 445-452. 
Pehlivanova, V. N., Tsoneva, I. H. & Tzoneva, R. D. (2012). Multiple effects of 
electroporation on the adhesive behaviour of breast cancer cells and 
fibroblasts. Cancer Cell International, 12(9), pp.1-14. 
Pehlivanova, V., Tsoneva, I. & Tzoneva, R. (2010). Influence of electroporation on 
cell adhesion, growth and viability of cancer cells and fibroblasts. Biologie 
Cellulaire, 64(4), pp. 581-90. 
175 
 
Perl, A., Reinhoudt, D. N. & Huskens, J. (2009). Microcontact printing: limitations 
and achievements. Advanced Materials, 21(22), pp. 2257-2268. 
Phillips, M., Rubinsky, L., Meir, A., Raju, N., & Rubinsky, B. (2015). Combining 
electrolysis and electroporation for tissue ablation. Technology in cancer 
research & treatment, 14(4), 395-410. 
Poortinga, A. T., Bos, R., Norde, W., & Busscher, H. J. (2002). Electric double layer 
interactions in bacterial adhesion to surfaces. Surface Science Reports, 47(1), 
pp. 1-32. 
Puc, M., Čorović, S., Flisar, K., Petkovšek, M., Nastran, J. & Miklavčič, D. (2004). 
Techniques of signal generation required for electropermeabilization: Survey 
of electropermeabilization devices. Bioelectrochemistry, 64(2), pp. 113-124. 
Puc, M., Kotnik, T., Mir, L. M. & Miklavčič, D. (2003). Quantitative model of small 
molecules uptake after in vitro cell electropermeabilization. 
Bioelectrochemistry, 60(1), pp. 1-10. 
Pucihar, G., Kotnik, T. & Miklavčič, D. (2009). Measuring the induced membrane 
voltage with di-8-ANEPPS. Journal of Visualized Experiments, (33), pp. 
e1659-e1659. 
Pucihar, G., Kotnik, T., Miklavčič, D. & Teissié, J. (2008). Kinetics of 
transmembrane transport of small molecules into electropermeabilized 
cells. Biophysical Journal, 95(6), pp. 2837-2848. 
Pucihar, G., Krmelj, J., Reberšek, M., Napotnik, T. B. & Miklavčič, D. (2011). 
Equivalent pulse parameters for electroporation. IEEE Transactions on 
Biomedical Engineering, 58(11), pp. 3279-3288. 
Pucihar, G., Mir, L. M. & Miklavčič, D. (2002). The effect of pulse repetition 
frequency on the uptake into electropermeabilized cells in vitro with possible 
applications in electrochemotherapy. Bioelectrochemistry, 57(2), pp. 167-172. 
Raab, M., Daxecker, H., Edwards, R. J., Treumann, A., Murphy, D. & Moran, N. 
(2010). Protein interactions with the platelet integrin αIIb regulatory 
motif. Proteomics, 10(15), pp. 2790-2800. 
Raftery, L. A. & Sutherland, D. J. (1999). TGF-β family signal transduction in 
Drosophila development: from Mad to Smads. Developmental 
Biology, 210(2), pp. 251-268. 
176 
 
Rahman, N. A., Mamman H. B. & Jamil, M. A. (2015). An overview: investigation 
of electroporation technique on cell properties cultured on micropatterned 
surface. Jurnal Teknologi, 77(6), pp. 61-65. 
Ratner, B., Hoffman, A., Schoen, F. & Lemons, J. (2004) Biomaterial Science – An 
Introduction to Materials in Medicine. USA/UK: Elsevier Academic Press. 
Reberšek, M. & Miklavčič, D. (2011). Advantages and disadvantages of different 
concepts of electroporation pulse generation. Automatika‒Journal for Control, 
Measurement, Electronics, Computing and Communications, 52(1), pp. 12-19. 
Reberšek, M., Faurie, C., Kandušer, M., Čorović, S., Teissié, J., Rols, M. P., & 
Miklavčič, D. (2007). Electroporator with automatic change of electric field 
direction improves gene electrotransfer in-vitro. Biomedical Engineering 
Online, 6(25), pp. 1-11. 
Ricoult, S. G., Goldman, J. S., Stellwagen, D., Juncker, D. & Kennedy, T. E. (2012). 
Generation of microisland cultures using microcontact printing to pattern 
protein substrates. Journal of Neuroscience Methods, 208(1), pp. 10-17. 
Roberts, A. B., Anzano, M. A., Wakefield, L. M., Roche, N. S., Stern, D. F. & 
Sporn, M. B. (1985). Type beta transforming growth factor: a bifunctional 
regulator of cellular growth. Proceedings of the National Academy of 
Sciences, 82(1), pp. 119-123. 
Rodamporn, S. (2010). Microfluidic Systems for Cell Transfection using 
Sonoporation and Electroporation. University of Southampton: Ph.D. Thesis. 
Rodamporn, S., Harris, N. R., Beeby, S. P., Boltryk, R. J. & Sanchez-Elsner, T. 
(2011). HeLa cell transfection using a novel sonoporation system. IEEE 
Transactions on Biomedical Engineering, 58(4), pp. 927-934. 
Rolfe, K. J., Richardson, J., Vigor, C., Irvine, L. M., Grobbelaar, A. O. & Linge, C. 
(2007). A role for TGF-β1-induced cellular responses during wound healing of 
the non-scarring early human fetus. Journal of Investigative 
Dermatology, 127(11), pp. 2656-2667. 
Rols, M. P. & Teissié, J. (1998). Electropermeabilization of mammalian cells to 
macromolecules: control by pulse duration. Biophysical Journal, 75(3), pp. 
1415-1423. 
Rubinsky, B. (2007). Irreversible electroporation in medicine. Technology in Cancer 
Research & Treatment, 6(4), pp. 255-259. 
177 
 
Rubinsky, B., Onik, G. & Mikus, P. (2007). Irreversible electroporation: a new 
ablation modality—clinical implications. Technology in Cancer Research & 
Treatment, 6(1), pp. 37-48. 
Salber, J., Gräter, S., Harwardt, M., Hofmann, M., Klee, D., Dujic, J. & Groll, J. 
(2007). Influence of Different ECM Mimetic Peptide Sequences Embedded in 
a Nonfouling Environment on the Specific Adhesion of Human‐Skin 
Keratinocytes and Fibroblasts on Deformable Substrates. Small, 3(6), pp. 
1023-1031. 
Satkauskas, S., Bureau, M. F., Puc, M., Mahfoudi, A., Scherman, D., Miklavcic, D. 
& Mir, L. M. (2002). Mechanisms of in vivo DNA electrotransfer: respective 
contributions of cell electropermeabilization and DNA 
electrophoresis. Molecular Therapy, 5(2), pp. 133-140. 
Saulis, G. (2012). Electrochemical Processes Occuring During Cell 
Electromanipulation Procedures. A short review. Electroporation in 
Laboratory and Clinical Investigations, EP Spugnini, A. Baldi (Eds.), pp. 99-
113. 
Schmelzle, T. & Hall, M. N. (2000). TOR, a central controller of cell growth. Cell, 
103(2), pp. 253-262. 
Schwartz, M. A., Schaller, M. D. & Ginsberg, M. H. (1995). Integrins: emerging 
paradigms of signal transduction. Annual Review of Cell and Developmental 
Biology, 11(1), pp. 549-599. 
Searles, G. E., Dixon, W. T., Thomas, P. D. & Jimbow, K. (1995). Divalent cations 
control cell-substrate adhesion and laminin expression in normal and 
malignant human melanocytes in early and late stages of cellular 
differentiation. Journal of Investigative Dermatology, 105(2), pp. 301-308. 
Sefat, F. (2013). Cell Engineering of Human Bone Monolayers and the Effect of 
Growth Factors and Microcontact Printed ECM Proteins on Wound Healing. 
The Role of ECM Proteins, TGFβ-1, 2 and 3 and HCl/BSA in Cellular 
Adhesion, Wound Healing and Imaging of the Cell Surface Interface with the 
Widefield Surface Plasmon Microscope. University of Bradford: Ph.D. Thesis. 
Sefat, F., Denyer, M. C. T. & Youseffi, M. (2011). Imaging via widefield surface 
plasmon resonance microscope for studying bone cell interactions with 
micropatterned ECM proteins. Journal of Microscopy, 241(3), pp. 282-290. 
178 
 
Sefat, F., Denyer, M., Khaghani, S. A. & Youseffi, M. (2008). The Role of ECM 
Protein (Collagen, Fibronectin and Laminin) in Cellular Adhesion (Cell 
Alignment) and Cell Engineering of Bone. In Presented at the Winter Meeting 
of Anatomical Society of Great Britain & Ireland (ASGBI): A Symposium on 
Anatomy and Matters Forensic. St Anne's College: Oxford UK. pp. 349. 
Sefat, F., Khaghani, S. A., Nejatian, T., Genedy, M., Abdeldayem, A., Moghaddam, 
Z. S. & Youseffi, M. (2015). Transforming growth factor beta (TGF-β) 
isomers influence cell detachment of MG-63 bone cells. Tissue and 
Cell, 47(6), pp. 567-574. 
Sefat, F., Youseffi, M., Khaghani, S. A., Soon, C. F. & Javid, F. (2016). Effect of 
Transforming Growth Factor-β3 on mono and multilayer 
chondrocytes. Cytokine, 83, pp. 118-126. 
Seifert, A. W., Monaghan, J. R., Voss, S. R. & Maden, M. (2012). Skin regeneration 
in adult axolotls: a blueprint for scar-free healing in vertebrates. PloS 
One, 7(4), pp. 1-19. 
Sersa, G., Cemazar, M. & Snoj, M. (2009). Electrochemotherapy of tumours. Curr 
Oncol, 16(2), pp. 34-35. 
Sersa, G., Cemazar, M., Rudolf, Z. & Miklavcic, D. (2006). Electrochemotherapy of 
tumours. Radiology and Oncology, 40(3), pp. 163-174. 
Serša, G., Štabuc, B., Cemaţar, M., Miklavcic, D. & Rudolf, Z. (2000). 
Electrochemotherapy with cisplatin: the systemic antitumour effectiveness of 
cisplatin can be potentiated locally by the application of electric pulses in the 
treatment of malignant melanoma skin metastases. Melanoma 
Research, 10(4), pp. 381-385. 
Sevilla, C. (2013). The Role of Extracellular Matrix Fibronectin and Collagen in 
Cell Proliferation and Cellular Self-assembly. University of Rochester: Ph.D. 
Thesis. 
Shah, M., Revis, D., Herrick, S., Baillie, R., Thorgeirson, S., Ferguson, M. & 
Roberts, A. (1999). Role of elevated plasma transforming growth factor-β1 
levels in wound healing. The American Journal of Pathology, 154(4), pp. 
1115-1124. 
Shin, H., Jo, S. & Mikos, A. G. (2003). Biomimetic materials for tissue 
engineering. Biomaterials, 24(24), pp. 4353-4364. 
179 
 
Snoj, M., Rudolf, Z., Cemazar, M., Jancar, B. & Sersa, G. (2005). Successful 
sphincter-saving treatment of anorectal malignant melanoma with 
electrochemotherapy, local excision and adjuvant brachytherapy. Anti-Cancer 
Drugs, 16(3), pp. 345-348. 
Song, B., Gu, Y., Pu, J., Reid, B., Zhao, Z. & Zhao, M. (2007). Application of direct 
current electric fields to cells and tissues in vitro and modulation of wound 
electric field in vivo. Nature Protocols, 2(6), pp. 1479-1489. 
Stevens, M. M. & George, J. H. (2005). Exploring and engineering the cell surface 
interface. Science, 310(5751), pp. 1135-1138. 
Strober, W. (2001). Trypan blue exclusion test of cell viability. Current Protocols in 
Immunology, pp. A3-B. 
Sunami, H., Ito, E., Tanaka, M., Yamamoto, S. & Shimomura, M. (2006). Effect of 
honeycomb film on protein adsorption, cell adhesion and 
proliferation. Colloids and Surfaces A: Physicochemical and Engineering 
Aspects, 284, pp. 548-551. 
Suzuki, D. O., Ramos, A., Ribeiro, M. C., Cazarolli, L. H., Silva, F. R., Leite, L. D. 
& Marques, J. L. (2011). Theoretical and experimental analysis of 
electroporated membrane conductance in cell suspension. IEEE Transactions 
on Biomedical Engineering, 58(12), pp. 3310-3318. 
Suzuki, K., Nakaji, S., Kurakake, S., Totsuka, M., Sato, K., Kuriyama, T. & 
Sugawara, K. (2003). Exhaustive exercise and type-1/type-2 cytokine balance 
with special focus on interleukin-12 p40/p70. Exerc Immunol Rev, 9, pp. 48-
57. 
Taghian, T., Sheikh, A. Q., Kogan, A. B., & Narmoneva D. (2014). Harnessing 
electricity in biosystems - A functional tool for tissue engineering 
applications. Austin Journal of Biomedical Engineering, 1(5), pp. 1-5. 
Talele, S., & Gaynor, P. (2008). Non-linear time domain model of 
electropermeabilization: Effect of extracellular conductivity and applied 
electric field parameters. Journal of Electrostatics, 66(5), pp. 328-334. 
Talele, S., Gaynor, P., Cree, M. J. & Van Ekeran, J. (2010). Modelling single cell 
electroporation with bipolar pulse parameters and dynamic pore radii. Journal 
of Electrostatics, 68(3), pp. 261-274. 
Teissié, J., Escoffre, J., Rols, M. & Golzio, M. (2008). Time dependence of electric 
field effects on cell membranes. A review for a critical selection of pulse 
180 
 
duration for therapeutical applications. Radiology and Oncology, 42(4), pp. 
196-206. 
Théry, M. (2010). Micropatterning as a tool to decipher cell morphogenesis and 
functions. J Cell Sci, 123(24), pp. 4201-4213. 
Thiery, J. P. (2002). Epithelial–mesenchymal transitions in tumour 
progression. Nature Reviews Cancer, 2(6), pp. 442-454. 
Tieleman, D. P. (2004). The molecular basis of electroporation. BMC 
Biochemistry, 5(1), pp. 1-12. 
Timpl, R., Rohde, H., Robey, P. G., Rennard, S. I., Foidart, J. M. & Martin, G. R. 
(1979). Laminin--a glycoprotein from basement membranes. Journal of 
Biological Chemistry, 254(19), pp. 9933-9937. 
Titushkin, I. & Cho, M. (2009). Regulation of cell cytoskeleton and membrane 
mechanics by electric field: role of linker proteins. Biophysical Journal, 96(2), 
pp. 717-728. 
Tozon, N., Kodre, V., Sersa, G. & Cemazar, M. (2005). Effective treatment of 
perianal tumors in dogs with electrochemotherapy. Anticancer 
Research, 25(2A), pp. 839-845. 
Tran, P. L., Gamboa, J. R., McCracken, K. E., Riley, M. R., Slepian, M. J. & Yoon, 
J. Y. (2013). Nanowell‐trapped charged ligand‐bearing nanoparticle surfaces: 
A novel method of enhancing flow‐resistant cell adhesion. Advanced 
Healthcare Materials, 2(7), pp. 1019-1027. 
Tryfona, T., & Bustard, M. T. (2008). Impact of pulsed electric fields on 
Corynebacterium glutamicum cell membrane permeabilization. Journal of 
Bioscience and Bioengineering, 105(4), pp. 375-382. 
Tsong, T. Y. (1991). Electroporation of cell membranes. Biophysical Journal, 60(2), 
pp. 297-306. 
Turner, J. J., Ewald, J. C. & Skotheim, J. M. (2012). Cell size control in 
yeast. Current Biology, 22(9), pp. R350-R359. 
Tyson, J. J., Csikasz‐Nagy, A. & Novak, B. (2002). The dynamics of cell cycle 
regulation. Bioessays, 24(12), pp. 1095-1109. 
Valič, B., Golzio, M., Pavlin, M., Schatz, A., Faurie, C., Gabriel, B. & Miklavčič, D. 
(2003). Effect of electric field induced transmembrane potential on spheroidal 
cells: theory and experiment. European Biophysics Journal, 32(6), pp. 519-
528. 
181 
 
Venslauskas, M. S., Šatkauskas, S. & Rodaitė-Riševičienė, R. (2010). Efficiency of 
the delivery of small charged molecules into cells in 
vitro. Bioelectrochemistry, 79(1), pp. 130-135. 
Viguet-Carrin, S., Garnero, P. & Delmas, P. D. (2006). The role of collagen in bone 
strength. Osteoporosis International, 17(3), pp. 319-336. 
Wallace, D. G. & Rosenblatt, J. (2003). Collagen gel systems for sustained delivery 
and tissue engineering. Advanced Drug Delivery Reviews, 55(12), pp. 1631-
1649. 
Wang, E., Zhao, M., Forrester, J. V., & McCaig, C. D. (2003). Electric fields and 
MAP kinase signaling can regulate early wound healing in lens 
epithelium. Investigative Ophthalmology & Visual Science, 44(1), pp. 244-
249. 
Wang, G., Stender, A. S., Sun, W. & Fang, N. (2010a). Optical imaging of non-
fluorescent nanoparticle probes in live cells. Analyst, 135(2), pp. 215-221. 
Wang, M., Orwar, O., Olofsson, J. & Weber, S. G. (2010b). Single-cell 
electroporation. Analytical and Bioanalytical Chemistry, 397(8), pp. 3235-
3248. 
Warshaviak, D. T., Muellner, M. J. & Chachisvilis, M. (2011). Effect of membrane 
tension on the electric field and dipole potential of lipid bilayer 
membrane. Biochimica et Biophysica Acta (BBA)-Biomembranes, 1808(10), 
pp. 2608-2617. 
Weaver, J. C. & Chizmadzhev, Y. A. (1996). Theory of electroporation: a 
review. Bioelectrochemistry and Bioenergetics, 41(2), pp. 135-160. 
Weaver, J. C. (2000). Electroporation of cells and tissues. IEEE Transactions on 
Plasma Science, 28(1), pp. 24-33. 
Weijer, C. J. (2009). Collective cell migration in development. Journal of cell 
science, 122(18), pp. 3215-3223. 
Worthington, J. J., Klementowicz, J. E. & Travis, M. A. (2011). TGFβ: a sleeping 
giant awoken by integrins. Trends in Biochemical Sciences, 36(1), pp. 47-54. 
Xiao, D., Tang, L., Zeng, C., Wang, J., Luo, X., Yao, C. & Sun, C. (2011). Effect of 
actin cytoskeleton disruption on electric pulse‐induced apoptosis and 
electroporation in tumour cells. Cell Biology International, 35(2), pp. 99-104. 
Yamamoto, S., Tanaka, M., Sunami, H., Arai, K., Takayama, A., Yamashita, S., 
Morita, Y. & Shimomura, M. (2006). Relationship between adsorbed 
182 
 
fibronectin and cell adhesion on a honeycomb-patterned film. Surface 
Science, 600(18), pp. 3785-3791. 
Zaharoff, D. A., Henshaw, J. W., Mossop, B. & Yuan, F. (2008). Mechanistic 
analysis of electroporation-induced cellular uptake of 
macromolecules. Experimental Biology and Medicine, 233(1), pp. 94-105. 
Zaltum, M. A. M. (2017). Investigation on HeLa cell Behaviour Induced with Pulse 
Electric Field for Wound Healing Application. Universiti Tun Hussein Onn 
Malaysia: Ph.D. Thesis. 
Zaltum, M. A. M., Adon, M. N., Hamdan, S., Dalimin, M. N., & Jamil, M. M. A. 
(2015). Investigation a critical selection of pulse duration effect on growth rate 
of HeLa cells. In BioSignal Analysis, Processing and Systems (ICBAPS), 2015 
International Conference on IEEE. pp. 33-36. 
Zegman, Y., Bonazzi, D. & Minc, N. (2015). Measurement and manipulation of cell 
size parameters in fission yeast. Methods in Cell Biology, 125, pp. 423-436. 
Zhang, J. T., Nie, J., Mühlstädt, M., Gallagher, H., Pullig, O. & Jandt, K. D. (2011). 
Stable Extracellular Matrix Protein Patterns Guide the Orientation of 
Osteoblast‐like Cells. Advanced Functional Materials, 21(21), pp. 4079-4087. 
Zhao, M. (2009). Electrical Fields in Wound Healing—an overriding Signal that 
Directs Cell Migration. In Seminars in Cell & Developmental Biology. 
Academic Press. 20(6), pp. 674-682. 
Zhao, M., Pu, J., Forrester, J. V. & McCaig, C. D. (2002). Membrane lipids, EGF 
receptors and intracellular signals colocalize and are polarized in epithelial 
cells moving directionally in a physiological electric field. The FASEB 
Journal, 16(8), pp. 857-859. 
Zhao, M., Song, B., Pu, J., Wada, T., Reid, B., Tai, G. & Sasaki, T. (2006). Electrical 
signals control wound healing through phosphatidylinositol-3-OH kinase-γ 
and PTEN. Nature, 442(7101), pp. 457-460. 
Zhao, X., Zhang, M. & Yang, R. (2010). Control of pore radius regulation for 
electroporation-based drug delivery. Communications in Nonlinear Science 
and Numerical Simulation, 15(5), pp. 1400-1407. 
Zimmermann, U. & Neil, G. A. (Eds.). (1996). Electromanipulation of Cells. CRC 
press. 
Zimmermann, U. & Vienken, J. (1982). Electric field-induced cell-to-cell 
fusion. Journal of Membrane Biology, 67(1), pp. 165-182. 
183 
 
Zimmermann, U. (1986). Electrical Breakdown, Electropermeabilization and 
Electrofusion. In Reviews of Physiology, Biochemistry and Pharmacology, 
Volume 105. Berlin Heidelberg: Springer. pp. 175-256. 
Ţupanič, A. & Miklavčič, D. (2010). Optimization and Numerical Modeling in 
Irreversible Electroporation Treatment Planning. In Irreversible 
Electroporation. Berlin Heidelberg: Springer. pp. 203-222. 
Zupanic, A. (2010). Treatment Planning in Biomedical Applications of 
Electroporation. University of Ljubljana, Slovenia: Ph.D. Thesis. 
Zupanic, A., Kos, B. & Miklavcic, D. (2012). Treatment planning of electroporation-
based medical interventions: electrochemotherapy, gene electrotransfer and 
irreversible electroporation. Physics in Medicine and Biology, 57(17), pp. 
5425-5440.
